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How 


Helps Air-Condition 4 ‘ ‘h 
United Air Lines * 5) 
$300,000 Office Building 


- 


ae 


Allis-Chalmers Texrope 
V-belt Drives Help Power 
Latest Heating, Ventilat- 
ing, and Air-Conditioning 
Equipment in United Air 
Lines Modern General 
Offices! 
WHEN UNITED Air Lines built their 
$300,000 general office building at the 
Municipal Airport, Chicago, they went 
modern . . . modern all the way... 

That meant the latest equipment 
for air-conditioning, heating, ventilat- 
ing. Equally important, it meant too 
the most efficient power transmission 
to drive that equipment — Allis-Chal- 
mers Texrope V-belt Drives! 

United Air Lines and their architects 


and engineers gave Texrope Drives 


)) ALLIS-CHALMERS TEXROPE DRIVES 


_ 


¥ ¥' NY) 


“first choice” for a reason. It’s the 
same reason why hundreds of other 
engineers in the heating, ventilating, 
and air-conditioning industry select 
Texrope when they need top perform- 


ance for their equipment. 


Texrope — Tailor-Made 
for the Industry! 
For here are drives that do a “tailor- 
made” job for this industry — with 
highest possible efficiencies at lowest 


operating and maintenance cost. 


Texrope V-belt Drives are “match- 
ed” into sets for even pulling, even 
wearing. They are “wedge” shaped 
for highest drive efficiencies (up to 
98.9%). They are silent, slipless, clean, 


and give long, trouble-free life. 
























CAPTAIN JACK KNIGHT, FAMOUS 
United Air Lines pilot, inspects Texrop: 
driven air-conditioning equipment in th 
general office Architect: 
Albert Kahn Associates. Builder -\ 


ren B. Ewer. 


building. 


Best of all — in operating heating, 
ventilating, and air-conditioning 
equipment for best results, Texrope 
cooperative engineering service \s 


available to you . . . at no extra cost 


For complete facts, call the distric 
office nearest you, or write Allis 
Chalmers, Milwaukee, Wisconsin. 


ABOUT MOTORS~— To get motor 
performance that is more than th 
mere rating on the nameplate, us 
Allis-Chalmers Lo-Maintenance Mo- 
tors— proven a success in the heating. 


ventilating, and air-conditioning field. 


A 


“S 








WAR DEPARTMENT TELLS PROGRESS 
OF EMERGENCY CONSTRUCTION PROGRAM 


The war department announced 
March 6 that 64 per cent of the 
projects in the temporary emergency 
construction program, under the di- 
rection of the construction division, 
office of the quartermaster general, 
were on or ahead of schedule and 
that 8 per cent of the projects had 
been completed. Rapid improve- 
ment in the status of the projects 
had been made within the two 
months preceding that date, despite 
the generally unfavorable building 
conditions during the winter. 

Exceptional progress between the 
week of January 3, 1941, and the 
week of February 21, 1941, mate- 
rially advanced the status of the en- 
tire construction program of camps, 
cantonments, ordnance and muni- 
tions plants, and other structures 
being built by the construction divi- 
sion. On January 3, 236 projects 
were on the program. Of this total, 
44 had not been started, 104 were 
behind schedule, 60 were on sched- 
ule, 20 were ahead of schedule and 
8 had been completed. On Febru- 
ary 21, 239 projects were on the 
program, of which 13 had not been 
started, 55 were behind schedule, 
129 were on schedule, 24 were ahead 
of schedule and 18 had been com- 
pleted. 

At the same time, the war de- 
partment announced that building 
materials and equipment valued at 
more than $45,000,000 had been 
purchased by the centralized pro- 
curement office of the construction 
division, office of the quartermaster 


general in Washington, D. C., for 
use in the temporary emergency 
construction program for defense. 

Improvements in heating equip- 
ment for camps and cantonments 
over previous methods are repre- 
sented in the expenditures for boil- 
ers, warm air furnaces and tent 
heaters. Three types of steam boil- 
ers had been purchased, at a total 
cost of $1,308,414.10, for providing 
central heat for hospitals and other 
types of group construction, and 
steam for the operation of laundries 
and of kitchens in cafeteria type 
messes. Purchases of warm air fur- 
naces, one of which is installed in 
each 63 man, cantonment type bar- 
racks, amounted to $3,360,767.38, 
while those for gas fired tent heat- 
ers amounted to $803,948.29. 

The individual furnaces in the 
frame barracks are equipped with 
thermostats and blowers for the reg- 
ulation and distribution of warm air 
throughout all portions of the two 
story dormitories. In the hot months 
the blower systems may be operated 
for the purpose of providing better 
ventilation and circulation of air. 

The centralized procurement 
office in the construction division at 
Washington began functioning on 
September 11, 1940. Following is a 
list of boilers and furnaces for camps 
and cantonments it has bought be- 
tween that date and February 11. 
These awards do not include any of 
those made in the field, nor those for 
other types of supplies purchased by 
the centralized procurement office. 





Boilers and Accessories 


Boilers (low pressure) .................. 
Boilers (high pressure, fire tube)......... 
Boilers (water tube)..................... 
i. rec edaaweemees 
en on 
as 
RE I ng. ccccccevcedacss 

Furnaces and Tent Heaters 
Furnaces (warm air) ..................-- 
Tent heaters (gas fired) ................. 


Quantity Cost 
§4B6 06 cee ctoece 182 $129,420.85 
Awdig dN ewo ede 6 es 108 430,673.25 
peeeawosebecces 83 748,320.00 
ay ar re 1 2,933.00 
babes Gv cera cce 1 730.00 
$68 Ged cic cdovn l 2,563.00 
andes Cues enue 1 4,353.00 
adeastaneersoos 13,812 3,360,767 38 
cheese sb06.0 456 cee 803,948.29 
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MANUFACTURERS REPORT 
BUSINESS GAINS 

@ Westinghouse Electric & Mig 
Co. recorded in 1940 “the greatest 
expansion in business in its 55 years 
of existence,” the company an 
nounced in its annual report issued 
last month. New records were mac 
in the volume of incoming orders, 
amount of sales billed, value of un 
filled orders, the total payroll for 
the year and the number of em 
ployees at the end of a year. At the 
same time, the company’s increased 
tax bill represented $427 for each 
employee in 1940, based on the av 
erage number employed during the 
year, compared with $238 in 1939 

Orders received during 1940 
amounted to $400,477,724, an in 
crease of 87 per cent over 1939. Ap 
proximately 40 per cent of this 1940 
business was orders in connection 
with the national defense program 
Net sales billed amounted to $239, 
431,447, an increase of 37 per cent 
over the preceding year. The pre 
vious peak was $216,364,588 in 
1929. 

Unfilled orders at December 31, 

1940, were $223,685,737, up 216 
per cent over 1939. Net income for 
the year was $18,985,428, an in 
crease of 37 per cent over 1939. 
@ A net profit in 1940 of $526,628, 
the largest income in any year since 
the formation of Carrier Corp., was 
announced last month by President 
J. I. Lyle. This compares with a 
profit of $18,788 in 1939. Income 
before federal taxes equaled $1.95 
per share and afterwards $1.34 per 
share. Total taxes paid or provided 
for in 1940 were $448,188. 

Orders booked during the year 
were approximately 14 per cent 
greater than in 1939 and completed 
sales for the year were 12 per cent 
above those for 1939, the official 
noted. The largest backlog of un 
filled orders in the company’s his- 
tory, amounting to $4,903,000, was 
carried over into 1941. 

Orders booked for standard prod 
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ucts since January 1 are double 
those for the same period in 1940. 
In addition to the orders for stan- 
dard products, this company has or- 
ders for special defense work from 
the government. 

As factors in contributing to the 
improved showing, Mr. Lyle listed 
“the greatly increased use of centrif- 
ugal refrigerating machines in the 
production of synthetic products and 
in blast furnaces; a greater volume 
of manufactured products as dis- 
tinguished from completely installed 
contracts; and closer collaboration 
with architects, consulting engineers 
and contractors.” 
® According to the 49th annual re- 


port of General Electric Co., orders 
received in 1940 totaled $654,189,- 
642 as compared to $360,748,386 in 
1939. Net sales billed were $411,- 
938,259 last year, and for the pre- 
ceding year the figure was $304,- 
680,270. Net income in 1940 was 
$56,241,083 as against $41,235,644 
in ’39. The volume of new business 
booked in 1940 was greater than 
that for any previous year in the 
company’s history. This resulted 
partly from the unusual demand for 
equipment for defense purposes (for 
which orders amounting to approx- 
imately $250,000,000 were received ) 
and partly to an increase in regular 
commercial business. 


FINANCIAL STATISTICS FOR AIR CONDITIONING FIRMS 
GIVEN BY FEDERAL TRADE COMMISSION 


A report on Refrigeration Equip- 
ment and Air Conditioning Unit 
Manufacturing Corporations, in the 
Federal Trade Commission’s pro- 
ject for the collection of annual 
financial reports from a large num- 
ber of industrial corporations oper- 
ating in many of the principal in- 
dustries of the United States, was 
issued last month. 

The corporations whose reports 
are combined represent five of the 
more important concerns in this in- 
dustry from the standpoint of in- 
vestment and value of goods sold. 
The data are shown in combined 
form and in a manner that does not 
identify any individual corporation. 

The classification of refrigeration 
machinery and air conditioning unit 
manufacturing corporations, as used, 
refers to corporations that are pri- 
marily engaged in the manufacture 
of domestic and commercial refriger- 
ators, commercial and industrial ice 
and refrigerating machinery, cool- 
ing systems and air conditioning 
units. The preliminary report of the 
bureau of the census for 1939 shows 
that the combined value of products 
for refrigerators, domestic (mech- 
anical and absorption), refrigera- 
tion machinery and equipment and 
complete air conditioning units, on 
an establishment basis amounted to 
$278,645,540 for that year. The 
five corporations included in this 
survey reported consolidated sales 
for the year aggregating $54,597,- 
303, or 19.6 per cent of the total 
value of products reported by the 
bureau of the census for 1939. 
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Of the total sales, $51,367,752, or 
94.1 per cent, represented domestic 
sales, and $3,229,551, or 5.9 per 
cent, export and foreign sales. 

The combined net income (before 
deduction of interest on long term 
borrowings and income taxes) on 
the average total capital of $44,012,- 
807, employed by the five corpora- 
tions in 1939, was $4,632,735, or a 
rate of return of 10.5 per cent. This 
average rate of return represented 
individual rates of return for the 
five corporations ranging from a 
profit of 1.1 per cent to 24.6 per 
cent. Two of the five corporations 
had rates of return higher than the 
average, and their rates were 16.2 
per cent and 24.6 per cent. The 
remaining three corporations had 
rates of return lower than the av- 
erage, and their rates were 1.1, 2.8 
and 6.6 per cent. 

The net income on the average 
corporate net worth investment or 
stockholders’ equity, after provi- 
sions for income taxes, amounted to 
$3,332,643, and this was a return of 
9.4 per cent on the stockholders’ in- 
vestment. The range in rates of re- 
turn for individual corporations on 
this basis was from a loss of 2.0 per 
cent to a profit of 20.7 per cent. 

The five corporations realized a 
net income, after provisions for the 
payment of income taxes, amounting 
to $3,332,643 for 1939. The cash 
dividends paid, or accrued, in 1939 
on preferred shares amounted to 
$253,056, and on the common shares 
to $2,546,718. The cash dividends 
paid during the year represented a 


return of approximately 7.9 per ce: 
to the stockholders on the averag. 
ledger value (not market value) | 
their equity of $35,324,416. 

The 1939 operating ratios of th. 
five corporations show that the tota 
cost of goods sold (exclusive o 
taxes, social security and pensio: 
fund payments, selling expenses, a: 
ministrative and general office ex 
penses, etc.) represented 72.7 cent 
on every dollar of sales. Of the tota 
cost of goods sold, raw material: 
represented 33.9 per cent of sales; 
production wages and salaries, 19. 
per cent; other costs and expense: 
(not listed under expenses), 8.8 per 
cent; depreciation and obsolescenc: 
applying to production facilities, 2.1 
per cent; and finished goods pur 
chased for resale, 8.9 per cent. The 
gross margin on sales was 27.3 cents 
on each dollar of sales. 

The total of items listed as ex 
penses represented 19.6 per cent o! 
the total sales. Of the total ex 
penses, selling expenses represented 
10.3 per cent of the sales ; advertis 
ing, 3.4 per cent ; administrative and 
general office expenses, 2.9 pet 
cent ; all taxes (except income taxes 
and social security payments), 0.9 
per cent; all social security and pen 
sion fund payments, 1.1 per cent 
(ratio here is to sales dollar and not 
payrolls) ; and research and devel- 
opment expense, 1.0 per cent. After 
deduction of the items listed as ex 
penses together with provisions fo: 
uncollectible accounts of 0.4 per cent 
from the gross margin on sales, plus 
other operating revenue of 0.4 per 
cent, there remained .a net profit 
from manufacturing and trading oi 
7.7 cents from every dollar of sales. 

The total combined inventories of 
the five corporations amounted to 
$12,793,495 at the beginning of 
1939, as compared with $11,969,711 
at the end of 1939, or a decrease of 
6.4 per cent. 


HEADS NAFM 


Edgar F. Wendt, president oi 
Buffalo Forge Co., was elected pres- 
ident of the National Association of 
Fan Manufacturers at the NAFM 
annual meeting in Detroit. E. Szek- 
ely, vice-president and general man- 
ager of Bayley Blower Co., was 
named vice-president, and L. O. 
Monroe secretary-treasurer. 


Heatinc, Prernc anp Am Conpirioninc, Apriz, 1941 












Heating - Piping 
wAir Conditioning 


Commercial, Industrial 
and Large Buildings 














Boars or Consuttinc & Contaisutinc Eprrors 


Sabin Crocker, R. C. Doremus, Philip Drinker, 
E. L. Ellingwood, Walter L. Fleisher, F. E. 
Giesecke, William Goodman, John F. Hale, 
William A. Hanley, J. J. Harman, R. S. Hawley, 
E. P. Heckel, R. E. Hieronymus, J. C. Hornung, 
John Howatt, Lee P. Hynes, Alfred Kellogg, 
C. W. Kimball, Dwight D. Kimball, A. C. 
Kirkwood, Charles S. Leopold, Samuel R. 
Lewis, Homer R. Linn, H. C. Murphy, Alfred J. 
Offner, F. B. Rowley, Robert P. Schoenijahn, 
T. S. Tenney, Rush D. Touton, W. H. Wilson 































si "a 


IN THIS ISSUE 


April, 194] 


Volume 13 


The Editor's Pages (army housing progress, business gains, financial data 


on air conditioning firms) . ; <a front section 


Steels for Welding Fittings (new ASTM spec reviewed), by J. J. Kanter 


Gas Fired Units Solve Many Industrial Heating Problems (several appli 


cations described), by W. N. Blinks 


The Air Conditioning Contractor (completing the installation). by J. M 


Sperzel .. 


The Water-Air Chart (many problems can be solved with it), by William 


Goodman ... 


Why a Pounding Noise in Hot Water Supply System? (reader's question 
answered). by F. M. Dawson 
Construction for Defense (‘testing army aircraft engines). by T H 


Eakle. Jr. 


Piping for Packaging (nickel tubing at brewery) 
“Open for Discussion” (communications to the editor 


Radiant Heating With Cast Iron Panels (applications, and comparison with 


other methods). by F. W. Hutchinson 


Assist in Control of Air Conditions 


Flooded Roof. Double Pane Windows 
Haley 


(new bakery). by M. C. 
Black-Out! (air conditioning defense ptont) 
War Department Appoints Specialists (news item) 


Piping Rides on Roller Bearings (picture of pipe supports) 


How to Save Heating Dollars (results of heating plant improvements), by 


me. F. Seetl..... poccecessseces 
Identifying Piping Services (HPAC data sheet) 
Equipment Developments back section 


back section 


Book Rev iew BS esccoe 
Useful Information ..back section 
Coming Events 


Trade Literature . 


Index to Advertisers............ 


Journal Section of the American Society 


of Heating and Ventilating Engineers 


A Comparison of the Weight, Particle Count and Discoloration Methods 
of Testing Air Filters, by Frank B. Rowley and Richard C. Jordan. .. 


Heat Gain Through Western Windows With and Without Shading, by F. ©. 


Houghten and David Shore... ..........00-e00eeeeeeeees : 
Boiler Testing Codes, by J. F. Melntire.............---+5+5> 
Warm-Air Furnace Codes, by F. L. Meyer.........-.... 


Codes in the Stoker Industry, by E. C. Webb.......... 


Bulletin Section .........ccc0 cecceceeccneneceeeeeerereeeeees 


Number 


| 


.. back section 137 
.. back section 140 


back section 148 























THE NASH ENGINEERING COMPANY 


SOU TH BORWA UCR « £.Oe eee 





THE HEATING PUMP 
WITH CERTIFIED PERFORMANCE 


full rated capacity of air and water 


A Jennings Return Line Vacuum Heat- 
ing Pump may be installed with the 
absolute assurance that it is of the 
proper capacity to keep your heating 
system at top-notch efficiency. 

For the actual working capacity of 
your Jennings Pump is determined by 
careful tests under working conditions, 
dnd with the actual motor that goes on 
your job, regardless of currentcharacter- 
istics. Every Jennings Pump has to deliver 


simultaneously before it is released. 

TheJenningsHeating Pump has every- 
thing in the way of safety, convenience, 
and real dollar saving economy that 
years of experience as leading heating 
pump manufacturers have enabled us to 
put into it. Quality is backed by an un- 
challenged reputation, and satisfactory 
performance is assured bya nation-wide 
network of Sales and Service offices. 
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HE standardization of fac 
tory made welding fittings 

confronts the piping industry 
vith an almost umique set of re 
wuirements for the materials speci 
fications. The proposed American 
Standard B16.9 for Butt Welding 
Fittings, discussed by Sabin 
Crocker in the January, 1940, 
HPAC, was developed by the 
\merican Standards Association 
ind covers compete dimensional 
specifications, making reference to 
new tentative specifications which 
have been published by the Ameri- 
can Society for Testing Materials 
covering welding grades of steel. 
Formulations of further standards 
eoverning socket fitting dimensions 
are in project. 

The undertaking of subgroup 6 
on welding fittings of subcommittee 
3 of ASA sectional committee B16 
in bringing together the various 
manufacturers of welding fittings 
from their diverse lines to a com 
mon dimensional standard, although 
requiring many compromises and 
necessitating much costly retooling, 
stands as a signal achievement in 
Settling 
upon the dimensions for welding 


standardization procedure. 


fittings, however, was but one part 
f the standardization task. Uni 
form quality of steel was another 
problem upon which ASA sectional 
committee B16 asked the help of the 
\merican Society for Testing Ma 
terials, whose committee A-1 on 
steel has been engaged for several 
years, as one of its many responsi 
bilities, with the problems of speci- 
heations for steels to be used in 


welding operations, 


Many Processes Used 


[he problem of specifying  th« 
juality of steel for good weldability 
is complicated by the fact that a 
number of totally different methods 
nd processes of fabrication are in 
use. The basic materials used may 
be either pipe, tubes, plate, strip, 
looms, billets, slabs, bars or cast 
ings, while the method of manufac 
ture may involve forging or shaping 
perations by either hammering, 
pressing, piercing, rolling, extrud 
ng, upsetting, forge welding, fusion 
elding or founding. Some fittings 
re made using combinations of 


{ hairman, section on welding fittings of su» 
mittee XXII, ASTM committee A-1 on steel, 


research metallurgist, Crane Co 


Fig. 1—Pressing welding elbows 
g 


from seamless steel pipe 








Subse- 


quent to this cold forming operation the elbows are heat treated 


STEELS 
for Welding k ittings 


J. J. Kanter*® 


SUMMARY The usefulness of the new 
ASTM tentative specification for welding 
fittings, A23440T, may not be fully ap- 
parent at first glance to the purchaser 
of welding fittings. The purchaser may 
perhaps be puzzled as to the distinet 
purpose for which such a_ materials 
specification is needed. The question 
may be raised as to why simple refer- 
ence in ASA B16.9 or B16.11, the dimen- 
sional standards, to the approved ASTM 
standards for pipe, plate and billet is 
not sufficient. Why must this new num- 
ber A23440T be carried along in with 
all of the others? . . . The simplest and 
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Discusses 


New ASTM Spec 


briefest reply to this question is that 
4234-40T covers the quality of the fin 
ished product and permits the purchaser 
to take advantage of the various fabri 
cation methods. The type and form of 
the material with which the manufa 
turer starts is so varied that a specifica 
tion so cast enables the user to take 
advantage of the available material with 
a minimum of different specification: 
Thus. by using A234-40T for the mate 
rial designation for wrought welding fit 
tings, the purchaser can dispense with 
choosing among the detailed requirement: 
of a number of ASTM specification: 






































these operations. Thus, it may be 
appreciated that the steels from 
which fittings are manufactured are 
purchased under a number of 
ASTM specifications covering dif- 
ferent steel products of various car- 
bon and alloy grades. 

A welding fitting is in itself a 
definite product for which certain 
physical properties and test require- 
ments are desired. Heat treatments 
subsequent to forming operations 
are necessary in many instances. 
The type of test which might be re- 
quired for the basic material is not 
necessarily a test pertinent to the 
quality of the finished fitting. Hy- 
drostatic bursting test of a finished 
fitting conveys more assurance of 
quality than would a tensile test 
made upon the unfabricated steel 
used in its manufacture, although 
not made mandatory in specification 
A234-40T. Definite provisions for 
workmanship, finish, marking and 
inspection of a highly specialized na- 
ture must be set for a factory made 
fitting to be placed in a stock bin, 
which provisions are not to be found 
in various specifications which have 
been set for the steels used in their 
manufacture. 





Committee Organization 


The problem of metallurgically 
describing the fittings in ASA 
B16.9 or B16.11 by cross reference 
to ASTM specifications fell under 
the jurisdiction of subcommittee 
XXII, constituted to handle specifi- 
cation matters involving steel pip- 
ing, fittings, valves, flanges and 
bolting for service at elevated tem- 
peratures. Subcommittee XXII 
functions through several sections 
which separately consider such mat- 
ters dealing with pipe, castings, 
forgings, bolts and nuts, and weld- 
ing fittings. At the time that 
subcommittee X XII received the as- 
signment of recommending specifi- 
cations for welding fittings ma- 
terials, the job was referred to the 
section on forging. After a cursory 
consideration of the problem and the 
realization that the recommendation 
of adequate specifications for weld- 
ing fittings would require not only 
consideration of forging steels suit- 
able for elevated temperature uses, 
but also liaison action with the sec- 
tion on pipe and the section on 
castings, as well as other subcom- 
mittees of committee Al outside the 


sc ype 


of 


subcommittee 





XXII, 


was recommended that a new 
tion on welding fittings be org 
ized to formulate materials re 
mendations wanted by ASA 
tional committee B16, subgrou 
The section on welding fitti 


was 


the specific product 


appointed 


by subcommi 
XXII and held a series of meet; 
to study the materials requireny 
for the various types and brands 
welding fittings being manufactur 
It soon became apparent to 

committee that a new specificat; 
covering wrought carbon steel a 
carbon molybdenum steel weld: 
fittings would have to be writt: 
As already intimated, a numbe: 


requireme: 


for welding fittings as to metallurgy 

identification 

not to be found in the ASTM syx 

cifications covering the various stee! 
products from which fittings ar 
fabricated. 


inspection 


A 


survey 


and 


among 


the 


Various 


manufacturers showed that fittings 
made under ASA B16.9 or B16.1! 
involved 11 grades of steel covered 
in eight ASTM specifications. | 

undertake to have all of these ma 
terials specifications revised or ex 





TABLE I.—CHEMICAL REQUIREMENTS. 








Type of Material A.S.T.M. Designation*® 


Seamless Steel Pipe: 3 
Carbon steels. . nN og o> ‘ 


Carbon-molybdenum steels} A 206 


Rolled Steel Plate or Strips 


A70 
Carbon steels a A 89, Grade B 
[A 212, Grade A 





[A 204, Grade A 


} 


Carbon-molybdenum steels 
A. 204, Grade B 


Forging Blooms and Billets: 

Carbon steels A 105, Grades I and II 
Slab or Bars: 

Carbon-molybdenum steels) A 182, Grade Fi 








| 
| 











Identifi- Carte 
cation arbon, per cent 
Symbo - per cent 
— = ' 
WPA | 0.25 max. 0.30 to 0.60 
WPB 0.35 max. 0.35 to 1 00 
WP! 0.10 to 0.20 0.30 to 0.60 
Carbon, 
Thickness, max., 
in. per cent 
, jup to} 0.25) 
WR lover 3 0.30 0.80 max 
, | fup to} 0.20 ’ 
WRA lover i 0.22 0.35 to 0.60 
. jup tol 0.28 
WRB {1 to2 0.31} 0.90 max 
\over 2 to 4} 0.33) 
hy to I 0.18) 
, 1 to2 0.21 
WRIA jover 2 to4 0.23! 0.50 to 0.90 
over 4 to 6 0.25) 
up tol 0.20 
, 1 to 2 0.23) . 
WRIB over 2 to 4 0.25/ 0.50 to 0.90 
over 4 to 6 0.27) 
WF e e 
WFi1 0.35 max. 0.30 to 0.80 








per cent 


0.04 
0.04 


0.04 


Acid Basic 


0.05* 0.04° ) 
\0.04¢ o.a8e"{ 
0.06— 0.04° 
0.04% 0.0354; 


0.04° | 
10.0354; 


0.04° 
0.0354 


0.04° 
0.0354 


0.05 


0.04 


Manganese, Phosphorus, max., | 


| 


Sulfur, 
max., 
per cent | 


0.06 
0.06 


0.05 


f0.05° 
Jo.08¢ | 
0.044 | 
(0.08¢ | 
\0.044 


0.05° 
0.044 


0.05 


0.05 


Silicon, 
per cent 


6 


0.10 min 


0.10 to 0.50 


9.15 to 0.30 


0.15 to 0.30 


0.15 to 0.30 


b 


0.20 to 0.50 





Molybdenum 
per cent 


9.45 to 0.65 


0.40 to 0.6 


0.40 to . 


0.40 to 


* These designations are given only for cross-reference to the respective chemical compositions and refer to the following specifications of the American Society for Test 
Materials, appearing in the 1939 Book of A.S.T.M. Standards, Part 1, and Supplements thereto. 


Standard Specifications for: 


Lap-Welded and Seamless Steel Pipe for High-Temperature Service (A 106 - 40) 
Carbon-Steel Plates for Stationary Boilers and Other Pressure Vessels (A 70 - 39) 
Low Tensile Strength Carbon-Steel Plates of Flange and Firebox Qualities (A 89 — 39) 
High Tensile Strength Carbon-Silicon Steel Plates for Boilers and Other Pressure Vessels (Plates 4} in. and under in Thickness) (A 212 - 39) 
Molybdenum-Steel Plates for Boilers and Other Pressure Vessels (A 204 - 39) 
Forged or Rolled Steel Pipe prsness Soe High-Temperature Service (A 105 - 40) 


Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fitti 
Tentative Specifications for Seamless Carbon-Moly enum 


This steel shall be silicon-killed when so specified in the order. 


© Flange grade. 
4 Firebox grade. 


s, and Valves and Parts for Service at Temperatures from 750 to 1100 F. (A 182 ~ 40) 
Alloy-Steel Pipe for Service at Temperatures from 750 to 1000 F. (A 206 - 40 T) - 


¢ The carbon and manganese contents of this steel shall be a matter of agreement between the manufacturer and the purchaser, but the contents for this welding steel shall 1 


ceed 0.35 per cent and 0.90 per cent, respectively. 
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tended to provide tor the special 
materials requirements of welding 
fittings would have been an endless 
task, The specialized field of ap- 
plication for wrought welding fit- 
tings would not have warranted the 
extension of all the specifications 





The scope of specification A234- 
40T does not include fittings made 
of cast steel, but refers to two other 
ASTM specifications, A216 and 
A217, which cover welding grades 
of pressure castings intended for 


high temperature service. These 


Fig. 2—A group of typical assemblies, made with weld- 
ing tees, tested to destruction under hydrostatic pressure 


covering the pipe, plate or billet 
used for the fabrication of this prod- 
uct, to cover its detailed require 
ments. 


New Spee Drafted 


Thus, it was considered most ex- 
pedient that a new _ specification 
covering the product, wrought 
welding fittings, be drafted by the 
ASTM. Such a specification has 
been agreed upon by the various 
manufacturers and consumers rep- 
resented on the interested commit- 
tee in ASTM and has recently been 
published as tentative specification 
\234-40T under the title Factory 
Made Wrought Carbon Steel and 
Carbon Molybdenum Steel Welding 
Fittings by the American Society 
ior Testing Materials, 260 S. Broad 
St., Philadelphia, Pa. The term 
welding fittings as used in A234- 
40T applies to butt welding ut! 
socket end parts such as 45 and 90 
deg elbows, 180 deg return bends, 
caps, reducers, lapped joint stub 
ends and other types covered by the 
\merican Standards for Welding 
littings. 


castings specifications do cover all 
of the special testing and marking 
provisions necessary to cast steel 
welding fittings. To have included 
castings in A234-40T would have 
been needless repetition; thus in 
ASA B16.9, the butt welding fit 
ting standard, and ASA B16.11, 
the socket welding fitting standard 
which will soon be available, direct 
reference is made to A216 and 
\217. All wrought steel materials 
are covered by reference to the one 
number—A234-40T. Weldable steel 
castings under A216 and A217 are 
guaranteed through a number of 
critical provisions. On _ chemical 
composition, not only are the car- 
hon contents restricted to the desir- 
able ranges for good welding prac 
tice, but definite limits have been 
set for alloy contents such as 
manganese, silicon, copper, nickel 
and chromium, which are known to 
influence weldability of steel cast 
ings. The testing and inspection of 
requirements of these specifications 
should adequately safeguard the in- 
terest of the purchaser buying cast 
welding fittings which comply. 
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Chemical Requirements 


Table I of specification A234-401 
(reprinted here by permission of 
the ASTM) lists the chemical re 
quirements for wrought welding fit 
tings. These compositions, ar 
identical with those found in th 
\STM specifications for the corr¢ 
sponding types of material, but are 
assigned symbols in the table to 
uniquely identify them with A234 
40T. These identification symbols 
have been chosen so as to be con 
sistent with the system of marking 
symbols which have been set up in 
the ASTM specifications covering 
high temperature and high pressur« 
piping materials. The ASTM des 
ignations are given for cross refer 
ence only and in no way imply that 
requirements other than chemical 
composition apply to the finishes 
product of A234-40T, 

The compositions covered in 
Table | are all recognized as weld 
able grades of steel and are drawn 
from those ASTM steel specifica 
tions which, during the past several 
years, have either been drafted o1 
revised in the interest of defining 
steels which could be satisfactorily 
welded under ordinary conditions 
In this sense, certain of the specifi 
cations cross referenced in Table | 
may already embrace certain types 
of welding fittings, as for instance 
\105-40, which was amended re 
cently to provide for a 0.35 per cent 
maximum carbon, to permit the use 
of steel under that designation in 
welding neck flanges. Neither spe 
cification A105 nor _ specification 
A182 for forged flanges, however, 
embraces all of the special require 
ments necessary for the various 
types of drop forged or pressed fit 
tings made from the blooms, billets, 
slabs or bars which may be obtained 
Neither 
could finished fittings be purchased 


under their designations 


under merely the pipe steel designa 
tions A106 or A206, nor to the plat 
or strip designations A70, A89, 
A212 or A204. Thus, while the 
chemical requirements of these vari 
ous ASTM specifications may be 
cross referenced as weldable steel so 
far as chemical requirements ar 
A234-40T 
their other provisions as applying 
to welding fittings and independ 
ently covers the additional materials 
provisions considered to be essential 
for welding fittings. 


concerned, disclaims 


Li] 
“ 



































Heat Treatment, Ete. 


The heat treatments, physical 
tests or finishes necessary for pipe 
or plate intended for use as such 
become superfluous when the ma- 
terial is intended for reshaping in an 
operation which necessitates the 
heat treatment, physical testing or 
finish to be established subsequent 
to fabrication. Thus, compositions 
of materials may be purchased un- 
der the essential requirements as set 
up in A234-40T in some instances 
at a considerable economy. The 
composition and physical properties 
of the finished fitting are the criteria 
of quality and serviceability in 
which the purchaser of the fitting is 
interested, while the burden of pro- 
curing materials which will satisfac- 
torily “shape up” into an article of 
the quality which the purchaser 
needs is largely a problem for the 
manufacturer. 

Specification A234-40T, being 
a set of quality requirements in fin- 
ished steel products, therefore has 
been set up in such a way as to gov- 
ern only the characteristics of raw 
material pertinent to the purchaser’s 
requirements. These characteristics 
include (among other things) proc- 
ess of manufacture, whether open 
hearth or electric furnace; chemical 
composition, and, in the case where 
fittings are intended for high tem- 
perature service above 750 F, the 
steelmaker’s “‘killing” practice. 

It has been demonstrated that 
good high temperature creep 
strength is best insured in steels 
which have been silicon killed. 
Aware of the fact that no ready ac- 
ceptance test for good high tempera- 
ture qualities can be used in routine 
verification of steels entering high 
temperature service, A234-40T al- 
lows for the specification upon or- 
der of silicon killed steel for fittings 
to be used in service at temperatures 
over 750 F. Recognizing that for 
some purposes steel might be re- 
quired for welding fittings having 
limits upon elements not covered in 
Table I, such cases are stated to be 
a matter for agreement between 
manufacturer and purchaser. The 
chemical requirements which have 
been established as mandatory un- 
der A234-40T cover steels which 
manufacturing experience can use 
for making stock lines of welding 


fittings, 
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Highly Alloyed Steels 


Table I of A234-40T at present 
covers no other type of alloy steel 
for standard welding fitting than 
the carbon molybdenum type. The 
committee recognized that other 
types of alloy steel are in use which 
in the future may be employed to 
a greater extent than at present. The 
precautions regarding manufacture, 
weldability, heat treatment and 
testing necessary for more highly 
alloyed steels are quite different 
from the provision made in A234- 
40T. Thus it is anticipated that 
when the need for standardization 
of higher alloy steel welding fittings 
becomes apparent, the ASTM com- 
mittee will be charged with the task 
of developing independent specifica- 
tions covering such fitting materials. 


Manvfacturing Operations 


A wide range of manufacturing 
operations for making welding fit- 
tings is recognized in A234-40T, 
which provides that forging or 
shaping operations may be _per- 
formed by hammering, pressing, 
piercing, rolling, extruding, upset- 
ting, forge welding or fusion weld- 
ing, or by a combination of these 
operations. The forming procedure 
is required to be so applied that it 
will not produce injurious defects in 
the fittings. 

It is the intent to admit under these 
specifications any fitting except a 
cast fitting, regardless of method of 
manufacture, which fulfills the 
standard requirements as to suit- 
ability and quality. Manufacturing 
operations necessitating joining by 
fusion welding are required in 
A234-40T to be made in accordance 
with the code for pressure piping 
(ASA 631.1), section 6, covering 
fabrication details. Chapt. 4 of the 
latest revision of these rules gives 


ards ASA B16.9 and B16.11. 





Shortly after subgroup 6 of the American Standards Association's sec- 
tional committee B16 was appointed to formulate dimensional standards for 
welding fittings, it was recognized that such standards could provide maxi- 
mum usefulness to industry only if supplemented by suitable materials 

| specifications as already provided for other American standards for flanges, 
| fittings, valves, and pipe. Accordingly, committee B16 invited the American 
| Seciety for Testing Materials to prepare, through its proper committee, a 
| materials specification to serve as a companion to the projected dimensional 
| standards for welding fittings. The need for this combination was imme- 
| diately recognized by the ASTM and work was undertaken on ASTM 
specification A234 concurrently with the development of dimensional stand- 


The underlying reasons for the form of the specification, and the 
complete discussion of its various provisions as detailed in Mr. Kanter’s 
article, should be helpful to many engineers having occasion to use factory 
made welding fittings.—Sasin Crocker, chairman, subgroup 6 on welding 
fittings of ASA sectional committee B16 on standardization of pipe flanges 
and fittings: senior engineer, engineering division, The Detroit Edison Co.; 
and member of HPAC’s board of consulting and contributing editors. 





precise directions for the making 
fusion welded joints. These rm 
cover backing rings, fillet’ we! 
seal welds, welding procedure, | 
heating practice, stress _reliey; 
treatments and procedure and 
erator qualifications. 

The heat treatment accorded | 
tory made steel welding fittings 
a matter dependent upon the fo: 
ing procedure and the particu 
grade of steel used. In the ¢ 
where a carbon steel fitting is 
finished in either a bending or fo: 
ing process no further treatny 
may be necessary, provided the t 
ishing temperature be within 
range of 1150 to 1650 F provi 
in A234-40T. 

Forming operations finished 
this range of temperature will lea 
the carbon steels recognized 
Table I in a satisfactorily “str 
relieved” condition. Finishing f: 
above 1650 F, however, is likely 
leave the steel in an objectiona! 
grain coarsened state with poor du 
tility and low impact resistance. Thx 
provision that carbon steel fittings 
finished above 1650 F be = subs« 
quently normalized safeguards 
against poor steel structure due 
overheating in hot finishing. 

The finishing of any metal forn 
ing Operations at temperatures fro 
1150 degrees Fahrenheit down 
room temperature is regarded 1 
A234-40T as cold finishing and 
stress relieving by reheating is in all 
cases required. Welding elbow and 
return bends fabricated from pip 
or tubing by cold pressing opera 
tions, unless given the stress reliey 
ing heat prescribed in A234-401 
are apt to be lacking in toughness 
but through treatment become full) 
as reliable as any hot formed fit 
ting. 

1.4 second article will discuss carbor 


moly fittings, welding operations, test» 
and certifying, and marking fittings. | 
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Gas Fired Units Solve 
INDUSTRIAL HEATING PROBLEMS 


IG things are happening to 
day in the industrial space 
heating picture. Defense 

plant construction together with ex- 
pansion of existing facilities, reha 
bilitation of idle industrial plants, 
and recognition of the necessity for 
improved working conditions all 
combine to create a huge demand 
for heat. 

In industrial work, the “glamour 
girl” attributes of gas fuel are not 
very important. The “health and 
comfort of the wife and kiddies” are 
not involved. The release from the 
dirt and drudgery of hand firing 
would be a useless point to conjure 
up. The picture of the tired house- 
holder beaming at the thermostat 
while the winds how] outside leaves 
Light C 


General 


SUMMARY—This discussion has been 
adapted from a paper presented last 
month at the conference on industrial 
gas sales of the industrial and commer- 
cial gas section of the American Gas 
Association, which was held in Baltimore. 
While Mr. Blinks was speaking primarily 
to men interested in sales of gas to indus- 
trial and commercial users, his picture 
of the place of gas fired unit heaters for 
solving industrial heating problems of 
many kinds contained a number of points 
of interest to plant engineers and others 
who are concerned with selection and 
purchase of the equipment. . .. As pre- 
sented here, Mr. Blinks’ paper describes 
a number of applications where gas fired 
equipment may be used to advantage in 
the plant, with particular reference to 
the problems arising from the national 
defense program, in which so many 
plants are now in some manner engaged 


TT 


No floor space is required by the gas 
fired unit heaters in this machine shop 


} . 
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W. N. Blinks* Cites Applications of Gas Units 


for Heating Plants Engaged in Defense Work 
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direct gas heating are often pos- 
sible. Take into account also the 
rooms that for one reason or another 
have to be carried at high tempera- 
tures during week-end shutdowns 
of the plant. Gas unit heaters fur- 
nish a practical answer. 

Investigate current departmental 
hours of operation. Many firms, 
finding a bottle-neck confined to one 
or two departments, and being un- 
able or unwilling to acquire addi- 
tional machinery, are running these 
particular departments 16 and even 
24 hr a day. Gas unit heaters pro- 
vide the ideal pick-up to maintain 
working temperatures during these 
added hours. 


Improved Working Conditions 


Management interest in plant 
working conditions is definitely on 
the increase. The most frequent 
complaint about working conditions 
is that of inadequate heat. Many 
times it is a severe headache to of- 
ficials because the heating system is 
already overtaxed. It further com- 
plicates the problem because such a 
complaint comes quicker than a 
shot-gun wedding after the “Old 
Man” knows the facts. Gas unit 
heaters give a quickly installed solu- 
tion. Cold spots can be eliminated 
fast. Fuel cost is often secondary. 

Temporary buildings are mush- 
rooming up these days. Gas unit 
heaters, with their low installed cost, 
their high salvage value, and their 
efficient use of gas often are the 
answer regardless of the dollars and 
cents of the rate. 

The effects of industrial disease 
legislation should be studied. Open 
salamanders are now frowned upon 
in many factories. Dust collection 
systems require heated settling tank 
rooms. Ventilating systems create 
demand for added outside air intake, 


and this must be tempered with 
heat. Gas unit heaters provide the 
answer in many cases. 

Consider the storage of products 
which must be protected against 
freezing, or against excess humid- 
ity. Packing plants face this prob- 
lem in both ways. Canned fruits 
and vegetables cannot be allowed to 
freeze, nor can they be subject to 
high relative humidities, because 
cans rust and labels loosen and fall 
off. With gas fired unit heaters, 
temperatures safely above freezing 
can be economically maintained 
without attention and with humidity 
controls tied in low relative humid- 
ity can be held through increases of 
temperature when required. 

The plywood industry demands 
such protection of finished board, 
and often gets it through gas unit 
heating with temperature and hu- 
midity controls. Plate glass stor- 
age calls for humidity control, con- 
densation on polished plate causing 
serious spotting. 

Sugar, salt and other hygroscopic 
chemicals must be guarded against 
moisture damage. Gas unit heaters, 
with proper controls, keep such 
chemical warehouses safe, without 
daily attention. Efficient control 
keeps the fuel cost down to a point 
where manufactured gas can be 
used for some such applications. 


Higher Plant Temperatures 


There is an increasing tendency 
to provide higher working tempera- 
tures in factories. The old belief 
that 50 to 55 F is adequate has been 
exploded. More and better pro- 
duction will result from 65 to 70 deg 
controlled temperature. Gas unit 
heaters will provide this extra 15 to 
20 deg at low operating and equip- 
ment cost. 


Along this line, controlled tem 
peratures are regarded as absolute! 
essential in precision process 
where tolerances are now measure 
to one ten-thousandth of an inc! 
Year ’round air conditioning ha 
already been employed in plant 
having over a million square feet o 
floor space. Gas unit heaters ar: 
providing the means for handlin; 
the winter heating of some suc! 
plants, either as duct heaters, 0; 
hung in the conventional manner 
with outside air intakes attached 
There is so little infiltration in suc! 
structures that air must be intro 
duced mechanically. What a far c 
from the drafty barns of only a few 
years ago! 

The opportunity for direct ga 
fired unit heating in areas wher 
process heat liberation handles al! 
space heating requirements during 
working hours should be analyzed 
Installation of gas unit heaters t 
hold the necessary non-working 
hour temperature can be done at 
low cost, and with surprisingly low 
operating figures. 

One application which frequentl) 
comes up is that of spot heating. A 
word of caution about it seems ad 
visable. Unit heaters are air heat 
ers. They give a definite tempera 
ture rise to all air passed through 
If air should be taken into the 
unit at, say, 20 deg, the delivered 
air may not, in many cases, be over 
80 F at the face of the unit. This is 
cold air, from a warm air heating 
standpoint, and becomes a good dea! 
colder a few feet away from the 
heater. If the air stream is directed 
at the workmen, the effect is highly 
unsatisfactory. Care should be ex 
ercised in recommending a_ unit 
heater for one corner of an unheated 
shop for this reason. 





The new Curtiss-Wright plant being 
erected at St. Louis, Mo., will be one of 
the largest aircraft manufacturing plants 
in the middle west for the mass produc- 
tion of military and naval airplanes. 
Scheduled for completion in May, it com- 
prises an office and engineering building, 
with two stories and basement, a factory 
building with one story and partial base- 
ment, a boiler house, a personnel build- 
ing and an oil house. The factory portion 
is to be heated by unit heaters and will 
have roof ventilators for winter and sum- 
mer ventilation. The office and engineer- 


218 


ing section is to have hot water heating 
and the personnel building is to be steam 
heated. The office section, factory base- 


ment and personnel building are to be 
air conditioned, according to Albert Kahn 
Associated Architects and Engineers, Inc. 
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AVING made certain that 

the various equipment to 

condition air is properly in 
sulated and in operating order, 
there remains that phase of erection 
devoted to balancing air distribution 
in accordance with the designer's 
intention, and attaining the desired 
relationship of dry bulb tempera- 
ture and moisture content in each 
of the respective parts of the sys- 
tem. 


Balancing Air Distribution 


The process of balancing air dis- 
tribution requires a thorough survey 
f air quantities measured at all 
outlets, coincident with a measure- 
ment of static pressure at the en- 
trance to each major supply duct 
comprising a zone, and under the 
essential conditions of unrestricted 
air flow through the distribution 
system and dehumidifier. Readings 
taken with an anemometer or direct 





J.M.Sperzel, Buensod-Stacey Air Conditioning, 
Inc., Tells of Final Steps to Assure Good Job 


SUMMARY 
to assure that it is in accordance with 
the designer's intentions, making adjust- 
ments for unforeseen conditions, paint- 
equipment, 


Balancing air distribution 


ing and stenciling the 
instructing the operating force, and ob- 
servation of performance after the system 
has been turned over to the owner com- 
prise final steps in the installation of 
good air conditioning. . Mr. Sperzel 
completes his earlier article on the im- 
portance of coérdination in_ installing 
large air conditioning systems (published 
in the January, 1941, HPAC) with this 
discussion of these important final steps 


—_ 


reading velocity meter at the out 
lets are examined in relation to 
specified air quantities, and totaled 
for each zone for a similar com 
parison. If construction permits, a 
check on the sum may be obtained 
by pitot test. A total summation of 
air quantities should establish abil 
ity of the fan to deliver more air 
than specified. If this is not the 
case, it may be necessary to increase 
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the fan speed, other conditions pet 


mitting, to obtain the 


requir 


capacity. 
Satished that the far S capabk 


of adequate delivery when the s) 

tem is unrestricted, all outlets o1 

single branch are balanced, to ce 
liver a uniform percentage abov 

helow specihed capacity through re 

peated readings and adjustment 

louvers behind registers oO1 the 

sertion of orifice rings ult 

fusers Where the per cent 

pacity of one branch differs fr 


another, adjustment of splitters 


the connection to the maim run pr 


portions the percentage of eacl 
branch to a new common valu \ 
identical procedure followed 


each zone eventually indicates 
need for a reproportioning of 


hetween them. This is accomplished 


‘ 
; 


by measuring statics of the zones 
balanced, calculating the requir 
static for sper ified capacity il 
lampering over capacity zones 
provide air for zones below capac 


\ pitot tube traverse is performs 





to verify results Return ar 
haust systems are balanced in i 


ilar manner 


Unforeseen Conditions 


Inevitably, certain conditior 
irise which were not foreseen at th 
time of planning. Control instru 

ents may not reflect true temper 


tures because oO! loca on oT ex 





posure A new arrangement 
partitions or furniture mav necessi 
tate a relocation of room thermo 
stats to secure a final control 


adjustment that is effective Fre 


quently, seating positions of occu 





pants are arranged to require a 
adjustment of horizontal and verti 
cal deflecting vanes behind registet 
to eliminate uncomfortable drafts 
The performance of the entire sy 
tem 1s scrutinized from the stand 
point of safe, quiet and economical 


operation, complete and responsive 
temperature and humidity control 
ind a general room atmosphere that 
’ 1! 


is pleasant to occupants under a 


reasonable conditions of internal 


and external load 
Instructing Operating Men 


It is the further responsibility of 
the contractor thoroughly to a 
quaint and instruct the operating 
engineer in all matters pertaining t 


the location, operation and mainte 
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nance of equipment. It is customary 
to prepare and furnish installation 
drawings showing the exact ar- 
rangement and location of all work 
as actually installed in the building. 
Brass tags with countersunk black 
hlled numbers are attached to valves 
and a chart indicating the numbers, 
system, function and location of 
each valve is framed under glass and 
displayed for the convenience of the 
engineer Written operating and 
maintenance instructions containing 
replacement parts lists serve as a 
evide for the future. 

The contractor takes pride in fin 
ishing equipment in appropriate 
colors of paint that require greater 
skill in application than can be gen 


erally attributed to average house 
































painters. Certain machined surfaces 
are cleaned and polished, Signs re 
quired by code, and nameplates on 
manufactured equipment, remain 
unpainted to provide marks of iden- 
tification, while piping containing 
water and steam for various pur- 
poses is suitably stenciled. After 
assisting the owner to secure neces 
sary city permits to operate and 
maintain refrigeration equipment on 
the premises, the contractor, in tak 
ing leave of the project, can be con 
fident in the ability of the system to 
provide many comfortable years of 


good air conditioning. 
Can’t Forget His Job 


The responsibility of the air con 


ditioning contractor, however, does 


Performance of the entire system is ., 
tinized from the standpoint of 

quiet and economical operation, ¢. 
plete and responsive temperature 

humidity control, and a general ro 
atmosphere that is pleasant to oceups 
under all reasonable conditions of |, 


not end in turning over the | 
and equipment for operation by) 
owner's force as he still is mo 
and financially bound, in additioy 
the usual contract terms wher: 
fective workmanship and mate: 
are guaranteed to be replaced \ 
out charge for a period of one 
that the system as designed an 
stalled gives the owner the 
measure of satisfaction in the cor 
tions as maintained throughout 
seasons of the year. 

Naturally, the better planned 
installed jobs have the inherent 
cilities to function under any 
sonal conditions of weather a: 
loading within the spaces 
tioned, but still it is necessary t 
view the functioning in the differ: 
kinds of weather that take pl 
throughout the year. 

The air conditioning contract 
therefore, cannot forget his jol 
the time he turns it over t 
owner. If he is an experienced 
tractor his organization will be 
planned that the project itsell 
be placed under the observatior 
his own men (or by competent 
that are chosen by him in r 


? 


cities) to make reports on the tu 


tioning of the coordinated « 
ul res 


ment to insure the successft 


that the owner has paid for 





Che Wal 


the quartermaster general. The proj 
ect consists of 643 buildings and a 5 


building station hospital, complet 


is supplied 


the starting date, essential troop hous 


witl entral heating plant and en 


vy a 1000 hp, two boile 


department announced 
March 15 that within five months of 


ing for over 18,000 men, including 
hospital facilities and utilities, had 
heen completed at Fort Belvoir, Va., 
under the directien of the office of 


e 


closed walks connecting the wards 


and buildings. Heat for the hospital 


r 





plant placed in commission in record 
time The boilers were delivered the 
first week in January before the foun 
dation had been poured for the boiler 
hous¢ The brick work was finished 


in 10 days and one boiler, more than 


sufhcient for the needs at that date, 


was under steam by February 15 
»~ 2 * 


While fogs can be destroyed by 
electrical precipitation and by super- 
sonic vibrations, the most promising 
methods appear to be those which 
lower the relative humidity of the 
air sufficiently to cause rapid evap- 
oration of the fog droplets, according 
to the Industrial Bulletin of Arthu 
D. Little, Inc. Houghton and Rad- 
ford of the Massachusetts Institute of 
Technology have used sprays of con- 
centrated solutions of drying agents 
like calcium chloride. With the latter 
salt, they have kept a volume about 


1800 ft long, 130 ft wide, and from 


30 to 60 ft high free from fog by tl 
expenditure of 85 gpm of saturat 
solution. The fogs cleared away |! 
speeds up to 16 mph. The cost 
drying agent used, assuming a nearby 
source of calcium chloride  solutior 
would be about $220 per hr. Equip 
ment such as this, with perhaps som¢ 
what larger capacity, might be used 
to clear the dangerous last hundr« 
feet of descent for a fog blinded ai: 
plane landing by use of instruments 
Houghton and Radford  estimat 
that to keep the same volume clea! 
by the use of heat would require th 
expenditure of about 5000 kw continu 
ously. The difficulty would be not ™ 
supplying the necessary energy, but 1 
releasing or transmitting it even! 


over such a volume. 
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THE WATER-AIR CHART 


Its Use for Solving Problems Involving the Exchange 


of Heat Between Air and Water... By William Goodman* 


T would hardly seem that so ap 


parently simple a topic as the 
exchange of heat between air 


and water would require any great 
elaboration. Nevertheless, the topic 
is not nearly so simple as a super- 
ficial examination would indicate. 
There are cases which can be ex- 
tremely puzzling unless some simple 
method is available for analyzing 
them. 
problems involving counterflow of 


This is particularly true of 


air and water, and of problems in- 
volving the theoretical final temper 





Symbols 


{= area of outside surface of condens 
ing coil, sq ft 
B= ratio of external to internal sut 
face of coil 
humid specific heat of air (< 
0.243 approximately ) 
- specific heat of liquid, 
E = efficiency 
f. = coefficient of heat transfer through 
air film, Btu per hr per F pet 
sq ft. 
fx = coefficient of heat transfer through 
liquid film, Btu per hr per F pet 
sq it. 
G = weight of air circulated through 
condenser, lb per hr 
G’ = weight of liquid circulated, lb per 
lb of dry air. 
h= enthalpy of saturated air at wet 
bulb temperature ?¢’. 
V = see Table 1. 
s, = Btu per in. of length. 
$= degrees Fahrenheit per in. of 
length. 
= temperature of liquid, F. 
= wet bulb temperature of air, F. 
4= angle for N-line. 
= overall coefficient of heat trans- 
mission from condensing refriger- 
ant to spray water tor an evapo 
rative condenser, Btu per hr per sq 
it per F, 
Z = see table on p. 167, March, 1938, 
HPAC, 
Numerical subscripts refer to condition 
f air or liquid at various points in heat 
transfer process. For example, sub 
ripts 1 and 2 refer respectively to ini- 
il and final conditions of air or liquid. 


ature to which air and water can be 
cooled or heated. 

The use of the water-air chart of 
Fig. 1 provides a graphical method 
by means of which a great many 
types of problems dealing with the 
exchange of heat between air and 
water can be greatly clarified and 
conveniently solved for numerical 
answers. This chart can be used 
not only for problems involving the 
exchange of heat between air and 
water in spray chambers and coils, 
but also for problems dealing with 
the temperature of the spray water 
in evaporative condensers and spray 


stUMMARY Phe water-air chart pro 
vides a graphical method by which a 
great many types of problems dealing 
with the exchange of heat between air 
and water can be greatly clarified and 
conveniently solved for numerical an- 
-wers. It can be used not only for prob- 
lems involving the exchange of heat be- 
tween air and water in spray chambers 
and coils, but also for problems dealing 
with the temperature of the spray water 
in evaporative condensers and = spray 
coolers, and for problems dealing with 
the surface temperatures of coils. 

The water-air chart provides a particu 
larly clear picture of the action taking 
place in air washers, cooling towers and 
coils. With its aid many difficult prob- 
lems can readily be visualized and solved 
This is particularly true of counterflow 
problems, otherwise difficult to visualize 


coolers, and for problems dealing — 
with the surface temperatures of : 
1 - Valule ¢ ( ( \ 
coils. In all these types of problems, a 
. 9 . . ° ( OcAaTIoO! ‘) one ] | 
an equation of the following form ' 
vater-all chart iré 1 \ i 
used. , 
h ” straight line representing | 
\ [1] 1 can immediately be dr: 
to — Bq this fact which permits the wat 
Che value of N depends upon the tir chart to be used for t lait 
type of problem to which the equa of a great variety problems it 
tion is to be applied. [Equations for volving the exchange heat ty 
the value of N for each class OT tween air and water 
problems are listed in Table 1. The The true enthalpy (total heat) 
application ot these equations tor ir im anv cor dition Cal he found 
solving problems is discussed late eithe - from psychrometri ] irts \? 
rs ‘ computed from tables as ven 
Using the Chart mex, of “ 
HPAC, January, 1938, pp. 1-7 
he water-air chart of Fig. 1 is HPAC. Tune. 1939-Tulv. 1940. 
shown in skeleton form in Fig. 2 clusive However. for ordinat 
From this figure it is apparent that work. the enthalpv of saturate 
Equation 1 is represented by a Trespo! ding to the wet bulb tem 
straight line on the water-air chart 
~ 5 { t ‘ ] { M 
Furthermore, the slope of this f HPAC 
straight line depends only upon the — - 
Table 1—Equations for N 
Exchange of heat between air and wate lle mt | { ’ 
Evaporative condenser or sprayed cooling i] 
(a) Tempe rature of spray watet Equ 12 
(b) Limiting temperature of spr iti A 
{ wling coils su ace tenipe . ; ’ 
>? 1 
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Fig. 1—The water-air chart 
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serature may be used. As shown in 
‘he author’s article in HPAC, Jan- 
rary, 1938, the error in using this 
value of enthalpy instead of the true 
value is ordinarily small. 
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Straight line 1-2 represents Equa- 
tion | 


Fig. 2 

Consequently, if the wet bulb 
temperature of the air is given, its 
corresponding enthalpy can _ be 
found directly on the water-air chart 
as illustrated in Fig. 3. First locate 
on the scale of temperature point 7 
representing the wet bulb tempera- 
ture of the air, ¢’. Locate point 2 


2 2a J *] 
i f | 
jf 
/ ' 
2 l¢ 
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' 
| 
} 
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| 
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Fig. 3—Diagram illustrating method of 

locating point representing initial wet 

bulb temperature of air and initial tem- 
perature of liquid 


where the vertical line of wet bulb 
temperature through 1 intersects the 
saturation curve for the given baro- 
metric pressure. The horizontal 


line through point 2 represents the 
enthalpy of the air corresponding to 
the wet bulb temperature, ¢’. This 
method of using the approximate 
enthalpy instead of the true en 
thalpy will be used throughout this 
article, although for more accurate 
results the true enthalpy should be 
used. 

The scale of temperature is also 
used to represent the temperature of 
the water. Thus, if the initial wet 
bulb temperature of the air and the 
initial temperature of the water are 
known, the point representing this 
combination of initial temperatures 
may be located as illustrated in Fig. 
3. The horizontal line representing 
the initial enthalpy is located as de 
scribed in the preceding paragraph 
The vertical line representing the 
water temperature can be drawn 
afier first locating the temperature 
t, of the water at point ? on the scale 
of temperature. Point 4, represent- 
ing the desired combination of ini 











water temperature through 3 and 
the horizontal enthalpy line through 


point 2. 
The curves of barometric pres 
sure shown on the water-air char 


simply represent the enthalpy of 


saturated air at various tempera 


each given barometric 
It 1s 


curve for any 


tures for 
pressure. obvious that the 
given barometri 
pressure also represents a series ol 
points at which the temperature of 
the water and the wet bulb tempera 
ture of saturated air are exactly the 
\t any point to the right of a 
curve, the tem 


same. 
given barometric 


perature of the water is higher than 


the wet bulb temperature of the air 
to the left, lower 
The water-air chart is applicabk 


to all those problems in which tl 


i¢ 
weight of moisture evaporated into 
the air or condensed from the air 
is negligible compared to the weight 
of water that is being circulated 
In some cases the psychrometri: 








tial temperatures, is located at the chart (see HPAC, June, 1939, p 
intersection of the vertical line of 359, and February, 1940, p. 109) 
Table 2—Values of N and 0 
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can be used as well as the water-air 
chart. However, practically the 
psychrometric chart is not so well 
suited for this type of work because : 
(a) on the psychrometric chart the 
vertical lines of dry bulb, which 
would be used for the water temper- 
ature, do not extend past the satura- 
tion curve, and (b) it is not always 
possible to obtain a point of inter- 
section between commonly used wet 
bulb and water temperatures. For 
example, on the  psychrometric 
chart, the line of 75 deg wet bulb 
temperature does not intersect the 
extension of the 45 deg dry bulb 
line, which would be used for an 
initial water temperature of 45 deg. 
N-Lines 

The method of drawing the 
straight line representing Equation 
l is illustrated in Fig. 4, which rep- 
resents the heating of air by water 


in parallel flow. For this case point 














4 





+ - —+— 


M le la by, 


Fig. 4—/-line 13 represents the heating 
of air by warm water. Angle @ is meas- 
ured from the horizontal 


I, representing the intersection of 
the initial temperature of the water 
and the initial enthalpy of the air, 
is located as described in the preced- 
ing section. Straight line 1-2 is 
then drawn through point 7 at an 
angle @ with the horizontal. The 
value of the angle @ depends upon 
the value of N and may be found in 
Table 2. (The relationship between 
N and 6 is derived in the section be- 
low entitled Relation Between N 
and 6.) <A line such as 1-2 whose 
slope depends upon the value of NV 
will, for convenience, be called an 


N-line. 
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The N-line shows the relationship 
between the temperature of the 
water and the wet bulb temperature 
of the air at any time. At any point 
on an \-line, the wet bulb tempera- 
ture of the air corresponding to any 
given water temperature can be de- 
termined. For example, if at any 
time the water is cooled to a final 
temperature represented by the ver- 
tical line through point 2 of Fig. 4, 
the final wet bulb temperature of the 
air at that same time is read where 
the horizontal enthalpy line through 
2 intersects the saturation curve for 
the given barometric pressure. 


Exchange of Heat 
Between Air and Liquid 


The exchange of heat between air 
and a liquid which is used to cool 
or heat the air is represented by the 
following simple equation. 


- tre) — hte — hy cecsee [2] 


G’ c’ (te 
This equation may also be written 


hy h, 
Ces AT ee ee [3] 

ter — tee 
It is apparent that the left-hand 
members of Equations 1 and 3 are 


equal. Consequently, for an ex- 
change of heat between air and 
water, 

| OF SEUMRE ESE PED [4] 


Obviously Equations 2 and 4 are 
applicable regardless of whether the 
air and water are in direct contact 
with each other or whether they are 
separated by a metallic surface, as in 
a cooling coil. This equation is also 
true whether the moisture content 
of the air changes or whether the 
moisture content remains constant. 

When air and water are in direct 
contact with each other as in a spray 
chamber, the moisture content of 
the air must change. However, 
when the air and water are sepa- 
rated by a metallic surface as in a 
cooling coil, it is possible for a 
change in the enthalpy of the air to 
take place without any change in the 
moisture content occurring. But if 
the temperature of the water inside 
the coil is sufficiently lower than the 
dew point temperature of the air, 
the moisture content of the air will 
change and the surface of the coil 
will be covered with a film of mois- 
ture condensed from the air. In this 
case the air will be in direct contact 





with moisture exactly as in a sp 
chamber. 

Fig. 5 shows the temperatur: 
the water and the enthalpy of 
air for the case illustrated in Fig 





——™ TEMPERATURE 





__. LENGTH OF TRave: 
OF AIR AND WATER 


Fig. 5—-Heating air with warm water j 
parallel flow 


As is apparent from Fig. 5, 
longer the water and air are in « 
tact with each other, the closet 
final temperature of the water a: 
the final wet bulb temperature 
the air will approach each other. | 
the heat transfer process were px 
fect, the final wet bulb temperatur: 
of the air would theoretically be equal 
to the final temperature of the wat: 

This theoretical final temperatur: 
to which water can be cooled and 
air heated may be found as in Fig 
4 at point 3 where line 7-2 intersect 
the saturation curve for the give 
barometric pressure. The tempera 
ture read at point ? is theoretical) 
the highest temperature to whic! 
the air can be heated and the lowest 
temperature to which the water ca 
be cooled in parallel flow for th 
conditions represented by \-line 7 
of Fig. 4. Of course, in an actual 
spray chamber the final tempera 
tures of the air and water would ! 
represented by a point such as 
The actual location of point 2 01 
line 1-3? depends upon such charact 
eristics of the apparatus as thi 
length of time that the air and wate! 
are in contact with each other, fin 
ness of the water spray, air velocit) 
and so forth. 

It is possible to express the eff 
ciency of the apparatus in terms 
the theoretical amount of heat th 
could be transferred in a perfect aj 
paratus. Thus, for a perfect apj 
ratus, the final condition of the a 
would be represented by point 3 
Fig. 4 and the amount of heat t! 


could be transferred would ! 
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(h, —h,). However, in an actual 
apparatus if the final condition of 
the air were represented by, say, 
point 2, the amount of heat actually 
transferred would be (h,—h,). 
The ratio of the actual quantity of 
heat to the theoretical quantity of 
heat transferred may be defined as 
the efficiency of the apparatus, or 
hz — hy 


Se ae 
Knowing the efficiency of a given 
apparatus, point 2 can readily be lo- 
cated because the ratio of length 2-7 
to length 3-7 equals the efficiency. 
Relation Between NV and ¢ 


Referring to Fig. 2, 


2—?3 
tan @=———— ........ .. [6] 
I1—? 
Sut 
he— hy 
2—3=— [7] 
Sh 
and 
ter — tes 
ee [8] 
St 


Substituting (7) and (8) into 
(6), 
St he—hy, 
tan 6 = — ————_ .............. [9] 
Sn ter — tee 
But Equation | is, 


he- ~hy 
N=——— Ruvet a cedicn «sane 
tr - — tee 


Substituting (10) into (9), 


Se 
OY FES a ee 
Sh 

For Fig. 1, 5,/s, = 1.6176. 

[This is the first of a series of articles 
on the water-air chart.] 

ss. > 

\ir conditioning installations sold 
during the month of February in 
Chicago totaled 30 in number, 21 of 
which were central plants, according 
to the Commonwealth Edison Co. 
These 30 installations represented 
5170.25 tons and 5398 hp. 

Biggest of the jobs was an indus- 
trial installation of 3750 tons and 3750 
hp for the new Studebaker aircraft 
engine plant being erected at Archer 
and Cicero, There was also a big 
commercial job listed, a 1000 ton, 1150 
hp installation for basement areas in 
Marshall Field & Co.'s store. Five of 
the installations were for general 
offices. 

Sixty air conditioning installations 
accounting for 1090.37 hp were con- 
tracted for during January and Feb- 
ruary, in New York (Manhattan, 
Bronx, Brooklyn, Queens), the Con- 
solidated Edison Co. reports. 





Why a Pounding Noise in 


Hot Water Supply System? 


F. M. Dawson, Director, lowa 


Gives Probable Reasons in 


Ww ARE having trouble with 
a 30 gal vertical range boiler 
making a pounding noise when the 
water is being heated,” writes a 
bone products manufacturer. “We 
are wondering if you can advise 
us what causes this trouble and 
how it can be corrected.” 


* ‘ oh 


In answering this question, it is 
assumed in analyzing the probable 
causes of pounding noise in the hot 
water 
pounding is not a water hammer 
since water hammer 


supply system, that such 
phenomenon 


pounding would occur whenever 


valves were being operated, no 


matter whether the water was 
being heated or not. Of course, 
water hammer is quite common in 
hot water lines because of the high 
velocities due to the tendency to 
use small pipes and spring oper 
ated faucets. The cure for water 
hammer noises is the installation of 
air chambers or other relief devices 
on the pipes near the quick closing 
valves. 

Noises other than those due to 
water hammer may occur during 
the time the heater is operated for 
a variety of reasons. Probably one 
of the principal causes of such 
noises is the overheating of the 
water in contact with the heating 
surface because of poor circulation 
between the heater and the storage 
tank. If the heater is separate from 
the storage tank, the heated water 
circulates through the heater and 
goes up to the top of the storage 
tank. However, if for some reason 
this circulation is too slow, the 
water in immediate contact with 
the heating surface may turn into 
steam. The collapsing of these 
steam bubbles will set up a very 
disagreeable crackling noise and vi 
bration. 

Poor circulation may be due to 
the fact that the pipes or coils are 
full of lime and too small for main- 
taining adequate circulation. Also, 
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Institute of Hydraulic Research, 


Answering Question from a Reader 


the heater may be so situated wit! 
respect to the storage tank that 
the circulating head is too small 
The heater should be as far below 
the top of the tank as convenient 
If the 
thickly with lime or other deposit 


heating coils are lined 
water may get into the cracks ol 
such deposits and become over 
heated, producing steam bubbles 
which when they rise and come 
into contact with the colder wate 
collapse and produce a sharp noist 
This phenomenon is noted in tea 
kettles which are heavily coated 
with lime. 

If the heating source is separate 
from the storage tank, it is 
portant that the piping connections 
between it and the tank are such s 
there is no opportunity for ai 
collect and hinder the circulation 
Ordinarily, if it can be avoided 
the hot coming from. the 


heater and going to the tank should 


watel 


rise continually; it should not be 
made to flow down. If it is mad 
to flow down into the top of th 
tank, the pipe connection to tht 
hxtures should be taken off from 
the highest point of the piping b 
tween the heater and the tank, thus 
preventing the accumulation of ait 
pockets. 

Perhaps there is some other ob 
scure reason for the pounding noisé 
howevet 

funda 


when water is heated: 
the chances are that the 
mental cause will be similar to that 


mentioned. 


And then there's the clerk who re 
turned the piping specifications to the 
consulting engineer with the demand 
that the words “or equal” be inserted 
each time the valve designation “O S 
& Y” appeared He’s probably a 
cousin of the fellow who turned dowr 
a proposal for a fan with an outlet 
velocity of 1700 fpm because the spe: 
read the fan should have a maximun 
outlet velocity of 1800 fpm; 1700 





wasn’t close enough, he said. 


te 
to 
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HO has not marveled—as 

an airplane circles high 

overhead—at the engineer- 
ing genius of man which permits 
him to explore the uppermost re- 
gions of our old Earth’s atmosphere 
—up where the sky is not blue but 
black—where the air is so thin that 
ordinary propellers won't pull in it 
—where air pressure and tempera- 
ture are so low that special, airtight, 
insulated cabins are necessary to 
preserve human life? In recent 
years hardy scientists have studied 
the extreme upper air (usually re- 
ferred to as “stratosphere’’) at great 
personal risk and discomfort. 

In testing new stratospheric de- 
vices much time, expense and dan- 
ger is avoided in applying the 
knowledge which has been gained 
by stratospheric observation to pro- 
duce similar conditions on the 
ground. One of the most outstand- 
ing stratospheric testing laboratories 
in the country is that now being 
completed by the Army Air Corps 
at Wright Field, Dayton, Ohio. 
Here is the largest air cooling plant 
of its type in existence, designed to 
provide air testing temperatures 
down to 67 F below zero. 

Nine years ago a battery of car- 
bon dioxide compressors and cool- 
ing coils were installed at Wright 
Field to produce test room tempera- 
tures down to —40 F and carbu- 
retor air temperature of as low as 
—50 F. The new testing plant will 
produce even more severe condi- 
tions, equivalent to the higher alti- 
tudes at which aircraft engines are 
expected to operate today. 

At 35,000 ft above sea level, air 
temperature is 67 F below zero and 
atmospheric pressure is about 4 Ib 
per sq in., as compared to the 14.7 
lb to which we are accustomed. 
These are the extreme conditions 
which army engineers may want to 
attain in testing their aircraft en- 
gines in the new engine testing lab- 
oratory. 





... The upper picture on the opposite 
page is a construction view of the refrig- 
erating room, showing in the left fore- 
ground the booster compressors for the 
third stage of air cooling and behind 
them the second and first stage compres- 
sors. The intercooler apparatus is in the 
center. The lower picture—also a con- 
struction view—shows on the left the 
framework for the first and second air 
cooling stages. On the right is the low 
pressure ammonia receiver for the third 
stage and behind it may be observed 
one end of the third stage wind tunnel 


Stratospheric low pressure condi- 
tions can be simulated by throttling 
the carburetor supply air to the en- 
gine, and exhausting the engine into 
a vacuum. The carburetor supply 
air is cooled down to a minimum of 
—6/7 F and the gasoline supply to 
0 F. The evaporators which reduce 
the gasoline temperature to 0 F are 
three horizontal shell and tube cool- 
ers, each capable of handling the full 





By T. H. Eakle, Jr.* 





load alone, hooked up to an 8 in. 
x 8 in. ammonia compressor. 

The cooling system for the car- 
buretor supply air offered a real 
challenge to the engineers. Army 
requirements called for an installa- 
tion of great flexibility of operation, 
designed for widely varying loads. 

Briefly, the system must be able 
to cool huge quantities of air to a 
minimum temperature of —67 F, 
operating with any inlet air temper- 
ature from maximum down to 
—10 F. Further, air quantities 
cooled may vary over a wide range. 
It was decided to handle this diffi- 
cult job in three separately con- 
trolled cooling stages. 

A separate set of ammonia com- 
pressors operates on each of three 
separate evaporators, with all of the 
compressors discharging into a com- 
mon condensing system. 

First Stage—The first step is to 
cool the air from 100 F to 35 F. 
This is done in a spiral finned coil 
evaporator, containing water sprays, 
connected to an 11% in. x 10 in. 
ammonia machine operating at 45 
Ib suction pressure. 

Second Stage—In the second 
stage the air is cooled from 35 F to 
—13 F. The evaporator is identical 
to that of the first stage except that 
a solution of ethylene glycol is 
sprayed over the coils, instead of 
water. The ethylene glycol prevents 
frost accumulation to maintain high 
evaporator efficiency. This mois- 
ture picked up by the ethylene gly- 
col, which would otherwise turn to 
frost, is boiled off in a “concen- 
trator” before re-spraying. One 10 
in. x 10 in. ammonia four cylinder 
compressor and one 11% in. x 10 
in. four cylinder ammonia com- 








“Assistant manager, industrial refrigeration 
division, York Ice Machinery Corp. 
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pressor supply refrigeration at 3 lb 


suction pressure. 
Third Stage 
67 F after leaving the second 


To cool the air to 


stage, eight nests of trombone coils 
are arranged in an air tunnel to pro 
vide progressive cooling at —77 | 
evaporator temperature. One 10 in 
x 7% in. two cylinder and two 15 
in. x 10 in. four cylinder ammonia 
booster compressors draw the am 
monia vapor from the trombone 
coils and discharge it at higher 
pressure through intercooling equip 
ment into the second stage suction 
lines. 

The entire casing surrounding the 
three air stages is airtight and thor 
A fan 
situated between the second and 
third stages pulls air through the 


oughly insulated with cork. 


first two stages and pushes it 
through the third, so that air is de 
livered at the end of the third stage 
at —6/ F and atmospheric pressure. 
At this point, secondary fans pick 
up the air and distribute it through 
heavily insulated duct work to the 
separate airplane engine 
rooms, one or all of which may be in 
use at any given time. 

The third wind tunnel is divided 
into two sections so that hot gas 


testing 


may be used to defrost one-half of 
the tunnel while the other is still 
operating. No defrosting is neces 
sary in the first and second stages. 

The common condensing system 
consists of two horizontal shell and 
tube condensers, into which all the 
ammonia discharge 
(the boosters indirectly through the 
second stage compressors). After 
condensing, the liquid ammonia goes 
directly to each of the three evap 
orators, passing through an inter 
cooler in Stage No. 3. 

The extremely low temperatures 
to which the air is reduced before 
going into the engine testing rooms 
precipitate most of the moisture 
from the air, thus simulating the dry 
air conditions which exist at high 
altitudes. However, it may be de 
sirable to raise the temperature of 
this extremely dry air after moisture 
precipitation, and for this purpose 
individually controlled reheaters are 
situated at the air inlet in each of 
the four engine testing rooms. 

The reheaters are standard cop 
per finned coils, heated by a solu 
tion of ethylene glycol. 


compressors 


te 
te 
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PIPING FOR PA 


Brewery Bottling Department Has 


—— 
CLEARANCE 13 FEET 





CKAGING 


Output of Over 21 





Units per Second; Beer Is Conveyed in Nickel Tubing 


FFICIENT 


the most modern equipment 


operation and 


make it possible to hill, cap 
and pasteurize a combined total of 
1280 bottles and cans a minute in 
the new bottling department of the 
F & M 
Brooklyn, N. Y. This represents an 
average output of more than 21 
units a second! 


Schaefer Brewing Co., 


Complete with a modern conveyor 
system and electric eye counters, the 
bottling building occupies the equiv- 
alent of a full city block. Production 
was started at this plant last October 
with four machines for bottling 
pints, two for quarts, and two units 
for canning beer. These machines 
have a total packaging capacity of 
314 barrels per hour. 

From storage cellars to the ad- 
joining brewery, the beer is carried 
to the bottling machines through 
680 ft of 4% in. nickel tubing. This 
tubing is refrigerated and tests have 
shown that beer can be leit lying 
in it for several days yet retain the 
exact temperature, carbonic gas 
content, quality and taste it had 
when leaving the glass lined storage 
tanks. Thus the use of nickel piping 
does away with the need for empty- 
ing the pipe line each night, a neces- 
sary procedure formerly. The econ- 


omies are twofold [here is 


: . : , 
Saving of tne beet Wastage and 


labor involved in cleaning. and the 


troubles caused by air getting into 


the pipe line during cleaning and 


y 
the difficulties of trving to remove 
it are no longer a daily problem 
\ir in the line foams the beer and 


mm 


{hove and top left on opposite page 

To preserve the flavor, color and purity 
of its beer, the F & M Schaefer Brewing 
Co. uses a refrigerated pipe line of pure 
nickel 680 ft long to carry the beverage 
from storage cellars to a bottling depart- 
ment. Nickel keeps the beer in excellent 
condition overnight, thus eliminating the 
need for emptying the pipe: line at the 
close of each day. Note the 90 deg bend 
on a 24 in. radius made without wrinkling 
the inside or noticeably stretching the 
outside radius. The sleeve joints were 
soft soldered. Schock-Gusmer Co. fabri- 
cated and installed the piping. .. . Top 
right—lnstalling a three way nickel alloy 
regulating valve through which beer that 
has been piped from the storage cellars 
will be fed to the bottling department on 
the floor above. Designed by Schaefer's 
engineers, the valve is reinforced with a 
hexagonal member to prevent leakage 
should the valve body become distorted 
by strains from the pipe line. . . . Bottom 
left-—Opening a nickel alloy valve at the 
low point in the pipe line to drain off 
the saline solution after a periodic clean- 
ing. The metal boxes shown are sealed 
by the government so containers cannot 
be filled with beer at this point. : 
Bottom right—One of the two mash tubs 
in Schaefer's brew house. The heads 
covering the insulation are of solid 
nickel because of the ease of fabrication 
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prevents its unitor flow 
botthng machines Vet 

remely difficult to prevent 
remaining tte cleaning 
equally difficult to get 
acd taken oy OCCASIONS 

whole da for example 
move air so the bottlnge machine 

| ‘ 
could operat propet 

Despite the protectior nickel 
ords, the brewer’s ancient ct 
demands that the pine ni 
, , - . 
cleaned occasional! \ Liltie 
ion, watet anc erat yl yes poner 
used for this purpos Nickel all 
valves situated at the lowest poi 
the line are opened a l 

| } ‘ ‘4 , 
cleaning has been complete: 

Once in the bottlu depart 
heer is piped upstairs thre 
room through nickel al! reg 
ny valves Here the nrav 
lhe I, Capp | anc al : 

; , 
7ed as they trave! ony? 
vevors. Whole cases can be fill 


automatically at one time 


rhe present modernization pr 
eram was started in 1933 with the 
erection of a new power plant 
stock house, and ofhce building 
New equipment installed includ 
mash tubs and cereal cookers wit 
nickel heads covering the insul 


and two monel vormashers 


Al 












































ee 














Like a Spring Day 
—Air Conditioned 


THe Epitor: 

The article in the March HPAC 
by H. L. Schwenker covering the 
air conditioning in the Lincoln Lib- 
erty Life Insurance Co.’s building 
at Lincoln, Neb., is very interesting. 

Some of the most interesting 
comments made on this installation 
come from people from outside who 
are not tenants of the building but 
who, in the course of the day, call 
on their clients in this building as 
well as many other air conditioned 
buildings in Lincoln. Their com- 
ments as repeated to me were a 
comparison between the “feel” of 
the air, or atmosphere, in the Lin- 
coln Liberty building with that of 
other air conditioned buildings. The 
comments are usually to the effect 
that the atmosphere is like that of a 
spring day, when the air feels fresh 
and moist. 

A number of facts no dowbt con- 
tribute to the successful operation of 
this system—-one being the fact that 
an ample amount of outside air is 
brought into the building. This air 
is drawn in through a fully auto- 
matic air filter, then through a pre- 
cooling coil by a fan which dis- 
charges it down to the air condition- 
ing units on various floors. 

The city water of Lincoln is very 
cold—about 60 F—and this water is 
used in the precooling coil in the 
attic, and the sensible heat of the 
incoming air is reduced from 20 to 
30 F, At the same time this air is 
dehumidified to a great extent. The 
precooling water, after passing 
through the above mentioned coil, 
is returned to the condensers in the 
basement at a temperaure of about 
70, and after passing through the 
condensers is discharged to the 
sewer at a temperature of between 
90 and 100. 

Only about two-thirds of the air 
supplied to the various floors is re- 
circulated, the balance being taken 
down through ducts to the main 
vestibule where it is discharged 
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through an exhaust fan into the 
vestibule and is thus utilized for 
cooling the vestibule as well as some 
rooms on the first floor. 

We feel very proud of the satis- 
factory operation of this installation, 
and believe that it is due to a great 
extent to the interest which Mr. 
Schwenker has taken; he has gone 
to the trouble of seeing that the 
equipment has proper care and at- 
tention and has been operated in the 
manner in which it was intended to 
be operated—Watter E. GILL- 
HAM, Consulting Engineer. 


Air Change 
—Once a Major Criterion 


THe Eprror: 

Mr. Ashley’s article, Air Change 
—Once a Major Criterion, in the 
March HPAC is very much to the 
point and we should do just as his 
first paragraph recommends and 
abandon the use of “air change.” 
In the doing, however, we must 
consider the necessity for other 
yardsticks and means of measure- 
ments by which we can set up cri- 
teria for air distribution and ven- 
tilation for satisfactory performance 
in the occupied spaces. 

Proper distribution is all-impor- 
tant if desired results are to be ob- 
tained, but existing methods and 
means for measuring and express- 
ing distribution in a conditioned 
space are certainly lacking in ease 
of use and definitive quality for ex- 
pressing what is accomplished. 

In discussing air distribution, we 
all fall back on such expressions as 
“drafts,” “velocity in the occupied 





Readers of Heatinc, Pirinc anp 
Am CONDITIONING are invited to 
contribute their views to this 
“Open for Discussion” page, which 
will appear from time to time. 
Comments on articles we have 
published, expressions of timely 
interest on developments in design, 
installation, operation or mainte- 
nance of heating, piping or air 
conditioning systems, other remarks 
of value to HPAC’s readers—all 
will be welcomed by Tue Eprror. 
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zone” and the like. But these ex 
pressions have various meaning 
with various people and practica 
instruments are lacking for making 
determinations that will truly meas 
ure. Often, what is called a draf' 
in a conditioned space would }b 
called a pleasant breeze outdoors. 

The technical committee on ai 
distribution and air friction of th 
research committee of the ASHV] 
now has a program of researc! 
underway that will supply some o 
the answers to the distributio: 
problem. This work already has 
shown the necessity of new instru 
ments, new units of measurement 
and new methods of expression in 
order to make results intelligibk 
and useful to others than the experi 
menters themselves. 

These new things are definitel) 
needed as a means to evaluate the 
operation of conditioning systems, 
to set up in specifications required 
results from the systems and to pet 
init codes to define proper condi 
tions.—S. H. Downs, Chief Engi 
neer, Clarage Fan Co. 


Black Hole 
of Calcutta 


THe Epitor: 

Apropos the article in HPA( 
for March on the subject of Air 
Change—Once a Major Criterion, 
our Kansas City office points out 
that, amusingly enough, Mr. Ash 
ley’s article is followed by a refer- 
ence to the Black Hole of Calcutta 
and the statement is made that 
“next morning 123 were dead for 
lack of ventilation, excessive heat 
and humidity.” 

Our Kansas City office suggests 
that you might very well have said 
“air change” because it is fairly cer 
tain that that was what they died 
“for lack of.” Certainly air change 
was a “major criterion” in that sit 
uation in 1756 and it is not clear to 
us how any of the physical laws that 
were in existence at that time have 
been changed.—J. M. Frank, Ilg 
Electric Ventilating Co. 














RADIANT HEATING 
—With Cast Iron Panels 


F. W. Hutchinson, of the University of California, 
Describes and Discusses a Method Used in Europe 


HE principle of heating or 

cooling by means of low tem 

perature radiant energy con 
sists essentially in establishing a 
designed fraction of the total inter 
nal surface of the room at a tem 
perature determinable from the heat 
transfer characteristics of the struc 
ture and the comfort requirements 
of the occupants. The effectiveness 
of such a system is then a function 
only of the area and temperature of 
the panel surface, which acts in win- 
ter as a heat source and in summer 
as a heat sink. Obviously, there- 
fore, selection of a particular type 
of panel is not dictated by radiant 
comfort theory, but follows from 
considerations such as relative re- 
sponsiveness to control, flexibility of 





operation, and ability of the panel 
to provide the requisite energy 
transfer from the circulating fluid 
to the working surface. Other fac 
tors influencing the selection are 
maintenance and repair experience, 
structural requirements, architec 
tural desirability and first cost. 

The intent here is to describe and 
discuss a widely used European 
method of panel construction which 
has received but scant attention in 
the United States. This method, 
using cast iron plates, differs strik 
ingly from the sinuous embedded 
coil and electric fabric systems of 
which adequate descriptions hav 
already appeared. Basic differences 
are: 


1) The cast iron panel is manufac 
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tured complete in standard sections read 
tor assembly and installation by the 
heating contractor 

2) The panel surface receives heat 
transferred from cast iron waterways 
and is itself either an integral part of th 
waterway casting or a steel plate affix 
to that casting 

3) Units are attached to or recess¢ 
into the ceiling or wall, but do not be 


come an integral part of the structure 


lor this reason they are sometimes ré 
ferred to as “applied” in contrast t 
“embedded” panels Architecturally t 


unit is therefore at a disadvantage whe 
compared with the sinuous coil or el 

tric fabric methods since it is not i 

visible. 

If a cast iron panel system wer: 
operated at the surface temperatur: 
used with embedded panels the com 
fort characteristics, energy require 


SUMMARY 4 method of panel con 
struction for radiant heating used widely 
in Europe but which has received scant 
attention in the United States is de- 
scribed and discussed by Mr. Hutchinson. 
instructor in the department of mechan- 
ical engineering at the University of 
California. He writes from a first hand 
knowledge, for he has spent two sum. 
mers abroad making studies of radiant 
heating and cooling. . . . The method 
utilizes cast iron plates manufactured in 
standard sections ready for assembly and 
installation by the heating contractor 
The units are attached to the ceiling or 
wall but do not become an integral part 
of the structure; for this reason they are 
sometimes referred to as “applied” rather 
than “embedded” panels. .. . The various 
types of these panels are described and 
analyzed. The author concludes by 
pointing out that such panels are not 
intended to be competitive with low 
temperature (90-100 F) ceiling panels, 
but when used in the temperature range 
for which they have been developed, 
they provide a means of realizing some 
of the characteristics of radiant heating 


Fig. 1-—Installation of all cast iron panels 
comprising a casting flat on one side and 
with integral water passages on the other 


to 
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ments and equilibrium performance 
of the two systems would be sim 
In practice, the panel manu 
facturer recommends its use at tem- 
peratures higher than those common 
with sinuous coils; in consequence, 


ilar. 


a direct comparison of performance 


is not possible. Differences occur 


in a number of respects. 


Fig. 2—-Another view of hospital shown 


in Fig. 1. The panels are on the ceiling 


High Temperature 


Hot water above 160 F or steam 
is customarily used as the heating 
medium. The higher surface tem 
perature consequently increases the 
panel rating and reduces by approx 
imately one-half the necessary panel 
rea. While reduction is 
desirable in first 

tends to obviate one of the princi 


such. a 
terms of cost it 
advantages claimed for panel 
warming: uniformity of heating ef- 

In this respect the need for 
areful analysis of panel position 


yell 


Fig. 3a (above)—Wall recess prepared 
for installation of panel comprising in- 
dependent cast iron waterway section to 
which is attached a flat steel sheet... . 
Fig. 3b (below)—Waterway in position 
and ready for the plate. Insulation board 
has been placed behind the waterway 


to 
te 





in terms of its shape factor with re 
spect to the occupants is of greater 
importance with this type than with 
low temperature (90-100 F) panels. 
The manufacturer takes this into 
account by recommending arbitrary 
reductions in rated heating effect 
for installations which differ from a 
stated design standard. 











Another result of the highe 
temperature is a more rapid cool 
rate and consequently an improy 


response to changes in the outs 


temperature. Responsiveness is f 
ther assisted by the lower ther 


capacity of these panels 


terist 


ic 


which is 


also of Vi 


a cha 


ilue 


that it reduces the requisite heat 


up period. This latter effect, h: 


ever, is not a serious disadvanta: 


of other types of panels since su 


systems are intended for continu 


operation during the heating seas 


The cast iron panels are re 


Capacity 


(Fi) 
~ 4 


used for floor and wall as well 


for ceiling 


installations 


( ak 1 


tions based on the published rati: 


show that the percentage of 
tal heat dissipation which occurs 
radiation is 53, 56 and 75 per « 


, 
tne 


for floor, wall and ceiling resp 


ively. 


On this basis the convect 


(“)+ (>) 


heat transfer increases by 
t 


265 per cen 


when a panel is moved trom 
ceiling to the floor; it follows 


fl OT 


installations 


(and 


though to a lesser degree) r¢ 


wall als 


_present 


a compromise between radiant 


convective heating and the cha 


teristics of 
somewhere 


such 
between 


S\ stems 


those 


must 


Ol 


temperature radiant ceiling pan 


and 


tions. 


of 


warm air heating install 


Such advantages as 
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from radiant heating are therefore 
realized to a lesser extent as the 
sanels are moved down from the 
ceiling. (Note that for radiant cool- 
ing the opposite is true.) 


Method of Sizing 


Determination of the necessary 
panel area for a given installation 
is based on heat losses calculated 
exactly as for a convective system, 
but used with equivalent panel rat 
ings which are an index of the rela- 
tive heating effect. For floor, wall 
and ceiling panels the heating ef- 
fects are said to be 25, 33 and 50 per 
cent, respectively, greater than the 
actual heat dissipation rates. Thus 
the requisite area of ceiling panel 
would be determined by dividing the 
standard room heat loss by 1% 
times the actual rating of the panel. 
On this basis the fuel requirements 
of a cast iron panel heated structure 
would be less than for convective 
heating by 20, 25 or 33 per cent, 
depending upon whether the panels 
were situated in floor, wall or ceil 
ing. 


Construction 


These cast iron panels are factory 
made in standard sections of four 


Fig. 4—Same type of panels as shown in 
Fig. 3 used in a ceiling and foil insulated 


types. The requisite heating su 
face for a given installation is ob 


tained by connecting in series, by 


means of right-left internal nipples, 


the necessary number of sections 
(one type is a 100 per cent cast 
iron unit made in sections 16 ii 
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casting 1s Nat on one ec wW!l 
tegral water passages on the othe 
Heat flows from the fh { ( 
through the plate by conducti 
spacing ol the waterw ~ 





Fig. 5—-A completed ceiling installation 
The molding around each hot plate in 
sures an air tight connection to prevent 
streaking the unheated ceiling with dust 


temperature across thx ront 

face \ flanged bead is cast at 
back of the plate and the unit 
adapted for flush, recessed or pro 


jected fixing. This type has an 


tual heat dissipation rate of 170 Bt 
per sq ft per hr when installed 


the ceiling, operated with a wat 





to air temperature difference 
100 F and insulated with 2 in 
rock wool. Figs. 1 and 2 show 
ical installations in an Italiar 
pital. 

\nother type differs radi 


from the foregoing. It consists of ar 
independent cast iron waterwa 

tion to which is attached a flat 14 
va sheet steel plate The unt 
lighter and less costly than the all 
cast panel and is somewhat mort 


adaptable since it ible to affip 


1s poss 
a plate of any desired shap 
size. It is designed for flush inst 


lation in either wall or ceiling 
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Fig. 3a shows a wall recess pre- 
pared for this type. Studs are em- 
bedded in the wall at regular in- 
tervals and on these the cast 
waterways will be hung. Hot water 
or steam will enter through the 
valve shown in the upper right hand 
corner of the recess and after pass- 
ing diagonally through the heating 





Fig. 6—This type of panel has an ex- 
tended surface on the back over which 
air passes to be heated by convection. 
This unit really resembles a convector 
more than it resembles a radiant panel 


elements will exit through the dis- 
charge pipe shown in the lower left. 

Fig. 3b shows the waterway in 
place. Note that the heating unit 
consists of eight sections connected 
by internal nipples. In this figure 
it will be observed that a sheet of 
% in. insulating board has been 
placed behind the waterway; the 
unit is now ready to receive the flat 
radiating surface. The plate will be 
affixed with screws and pulled tight 
against the bearing surface to re- 
duce the resistance to heat flow. 

Fig. 4 shows the same type of 
sections used in a ceiling and in- 
sulated with foil. 

Fig. 5 shows a completed ceiling 
installation. A molding is visible 
around each hot plate; this is 
needed to insure an air tight con- 
nection between the plate and the 
surrounding unheated ceiling since, 
if there were leakage, dust streaks 
would appear on the unheated part 
of the ceiling radiating out from the 
hot panels. 

A third type is similar to that 
just described, except that the metal 
plate has curved edges to permit 
fixing to wall or ceiling where flush 
installation is not possible. This 
type is particularly well adapted to 


Fig. 7—Typical wall application of the 
unit illustrated in Fig. 6, showing how it 
fits into the general decorative scheme 
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use in revising the heating system 
of an existing structure. The plate 
edges are provided with a recess 
which is fitted with an asbestos 
packing material. 

A fourth type, like the first de- 
scribed, is 100 per cent cast iron, 
but is constructed with an extended 
surface at the back of the plate and 
is usually installed so that air passes 
over the unexposed side of the plate 
and is thereby heated by convection. 
Eight vertical extended waterways 
are cast in every section and the re- 
sistance to heat flow is so small that 
the flat surface approaches a uni- 
form temperature which is but 
slightly below the temperature of 
the heating fluid. A cross section 
through such a unit is shown in Fig. 
6. This type is less expensive to 
install than others because the addi- 
tional surface increases its actual 
heat dissipation rate to more than 
34 times that of a ceiling installed 
unit of like area and operating at 
the same surface temperature. 
However, the added capacity is all 
in convection and the actual radiant 
fraction of the total energy from 
such a unit is so small (below 20 
per cent) that it might with some 
justice be said to resemble a con- 
vector more closely than a radiant 
panel. Its principal advantage is 


that the flat exposed surface lend 
itself to incorporation into the de 
orative scheme. Fig. 7 shows 
typical wall application. 


Application 


Statistics are not available as 
the number of existing installation 
using these panels, but there ar: 
more than 100 in Italy alone an 
many times that number in Eng 
land. A conservative estimate o 
total European installations would 
be 500. 

In conclusion, it is to be empha 
sized that panels of this type ar 
not competitive with sinuous coil o; 
electric fabric in the field of low 
temperature (90-100 F) ceiling 
panels. The first cost of the cast 
iron panels for such service would 
be in excess of $1.50 per 100 Bt 
per hr and (for panels exclusiv: 
of piping and boiler plant) would be 
prohibitive. But it is meaningless 
to even make such a comparison 
since the cast iron panel was never 
designed for operation under these 
conditions. When used in the tem 
perature range for which they were 
designed, these panels provide a 
practical method of realizing some 
of the characteristics of radiant 
heating. 
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Photograph of new Loose-Wiles Biscuit 
Co. bakery at Oakland, Calif. taken 
from an airplane at about 2000 ft ele- 
vation. Note the reflection of the eleva- 
tor penthouse and monitor section steel 


wT ATE yy haere te ; 


sash in the water impounded on the roof 
of the building, and the areas in which 
the roof is zoned or ponded into sec- 
tions, normally located (as mentioned 
in the text) at building expansion joints. 





The entire surrounding grounds are to 
be landscaped; the contract has been let 
but the rather persistent and “unusual” 
rainy weather in recent months has re 
tarded this part of the building program 


Flooded Roof, Double Pane Windows 
| Assist in the Control of Air Conditions 


M. C. Haley, Engineer, Loose-Wiles Biscuit Co.. 


Explains Their Use at New “Sunshine” Bakery 


N order to reduce the air con 

ditioning load and to aid in 

maintaining proper air condi 
tions at the new bakery of Loose- 
Wiles Biscuit Co.—bakers of “Sun 
shine” biscuits—nearing completion 
at Oakland, Calif., use is made of a 
pond of water on the roof. For the 
same purpose, there is extensive 
application of double pane insulat 
ing windows for departments sucl 
as the sponge and proofing rooms 
where inside temperatures must be 
kept fairly uniform, and heat ab 
sorbing and glare reducing glass is 
used for all other windows, with 
the exception of those in the base- 
ment. There are over 15,000 lights 
f glass in the steel factory windows. 


Ponded Roof 


With reference to the ponded 
root, there were several factors 


SUMMARY—In addition to the design 
of the air conditioning plant itself, the 
air conditioning engineer must also con- 
sider ways and means of reducing the 
heat gain of a building for economy in 
air conditioning and to assist in the 
maintenance of proper temperatures. 
Among the means employed at the new 
Loose-Wiles bakery at Oakland, Calif... 
are flooding the roof with a pond of 
water, and the use of insulating and heat 
absorbing windows. Mr. Haley explains 
here the reasons for incorporating these 
features and describes the roof construc- 
tion and the method of roof flooding used 


OO ———— 


taken into consideration before de 
ciding upon the final design adopted 

The building location is on 
ground only a few feet above high 
tide datum referred to San Fran 
cisco Bay, a short distance away 
from the plant. The storm drainage 
system surrounding the property 1s 
comparatively poor and the runoff 
from the rather large roof area into 
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the existing storm sewer in_ the 
street would be excessive as the 
building is 960 ft long by 120 ft 
wide, thus comprising approxi 
mately 115,000 sq ft of roof area t 


drain To conform with local 
plumbing ordinances, the roof lead 
ers and drains without a floode 
roof would normally approximate 10 
to 12 in. in diameter and woul 
have to extend to the far end of 
the building before picking up the 
storm sewer underground in_ the 
street. A further advantage of the 
flooded roof was that the steel and 
roof framing details and installatior 
were simplified, inasmuch as the roof 
is entirely flat, thereby eliminating 
the need for all members and con 
nections being cut on the bias 

The 2 in. x 8 in. matched pin 
roof sheathing was bolted and clip 
ped directly to the roof steel purlins 
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and girders, all wood being well 
dried and seasoned and painted on 
all sides and edges to assist in elim- 
inating moisture absorption and 
subsequent warping or movement 
of the roof sheathing. The roofing 
was then applied, and consists of 
one layer of 60 Ib asbestos base felt, 
one layer of asphalt saturated fab- 
ric, and two layers of 20 Ib asphalt 
saturated asbestos felt, cemented to 
the roof deck and to each other and 
surfaced with standard asphalt 
waterproofing cement. The roof 
areas are ponded into sections, nor- 
mally at expansion joints in the 
building, by curbing and flashing 
over at these locations. In addition 
a curbing was built up about 6 in. 
high on the building wall sides and 
capped over with 10 ga alloy sheets 
preformed into a continuous ridge 


roll. 
Roof Drains 


In each ponded area, there is a 
special roof drain which maintains 
the water level to 2 in. When the 
upper section or sleeve is removed 
the areas are drained level with the 
roof. The roof drains are but 2 in. 
in diameter. Normally, in the win 
ter, the roofs will be de-ponded af 
ter a heavy rainfall and then al- 
lowed to fill again, in.this manner 
holding in check the runoff to the 
street storm sewers. Copper spill- 
ways along the building wall line 
are installed at intervals in_ the 
curbed sections up about 2™% in. 
from the roof level to serve as a 
safeguard and permit water to spill 
over if it ever reaches this particular 
height. 

In the summer months, water 
from the water supply system and 
from the air compressor and allied 
equipment will be piped to the roof 
for filling these areas as required. 
Climatic conditions are not severe 
in this locality; however, in a few 
of the summer months it is believed 
that the normal evaporation of the 
water will provide a cooling effect 
within the building. 


Advantage of Ponding 


In a bulletin published by the 
Portland Cement Association on 
Concrete for Industrial Buildings 
and Garages, it is stated, in effect, 
that in roofs installed absolutely flat, 
drains and overflows are frequently 
placed 2 in. above roof level. As a 
result a sheet of water covers the 
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roof practically all of the time. This 
helps to preserve the roofing and 
also by slow evaporation assists ma- 
terially in cooling the story below 
the roof. With the roof sumps so 
designed to permit of easily de- 
ponding any section we believe such 
a roof has many favorable factors. 
Water may or may not be im- 
pounded on the roofs at any time 
and such an installation is quite 
flexible and we believe economical 





and good practice. In colder cli- 
mates freezing of the water may be 
objectionable; also, in warmer cli- 
mates the impounded water may 
tend to heat if too thin a body of 
water is used and the results may 
not then be satisfactory. 

In our particular case we con 
fidently feel we have arrived at an 
economic and favorable solution to 
our several problems by using the 
flooded roof. Including the saving 
in plumbing piping, the ease and sim 
plification of the roof fabrication 
and installation, together with the 
cooling effect obtained and the pro 
longed life of our roofing felts, we 
believe such an _ installation is 
soundly warranted—at least under 
similar working conditions as exist 
in this particular locality. 

We do not believe these ponds of 
water will become quickly contami- 
nated or provide a suitable place for 
the breeding of mosquitos, but if 
this does eventually result, the roof 
may be drained occasionally or the 
water may be chemically treated. li 
the water must be changed fre 
quently it may be filtered and be 
re-used, or in some instances used 
for watering the surrounding land- 
scaped areas, lawns, etc., or for 
other desired purposes. 


Wall Construction 


The building walls, up to the steel 
sash line, are of reinforced concrete 
monolithic construction with the 
basement concrete bearing walls. 
Above the steel sash a continuous 
spandrel of corrugated ashestos-ce- 
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ment sheets was installed, with 
corrugations horizontal to the bu 
ing lines. In this particular loca 
weather conditions are quite nor 
and with but small variation in t 
perature due to its nearness to 
bay and the prevailing winds bl! 
ing a large percentage of the 

from that direction, we bel: 


working conditions will be satis! 


tory and better than normal 
some of our recent buildings in 
east we have gone to additional 
pense to insulate the building \ 
entirely with a wall construct 
consisting of an interior wall of 
cased insulation board, faced wit 
hard surface asbestos-cement ver 
and an exterior wall of the co: 
gated asbestos-cement sheets. 
The surfaces therefore have 
permanence of stone and wit! 


construction the equivalent insu! 


ing value of approximately 14 i: 
masonry wall is attained thr 


the use of a 1 in. core of insulatir 
board which is securely bonded 


the interior wall facing. As 
when this additional insulatio: 


required at our Oakland bake: 


provisions have been made to r 
ily install this insulation board 
the interior face of the existing 
rugated asbestos-cement sheets 


Comfortable Readers—Attenda 
the Coalinga District Library, F: 
County, Calif., has jumped app 
mately 50 per cent since the inst 
tion of air conditioning. Lib: 
Howard M. Rowe, discovering t! 
was on scorching afternoons and 
try evenings that attendance s! 
the sharpest drop, decided to try 
conditioning. A 10 ton air condit 
ing system supplying cooling 
library and its reading and stud 
rooms was therefore installed 

Many persons who hadn't beer 
ular patrons. School students 
more used it as a reference lil 
One of the contributing reasons 
the pick-up in attendance is the 
duction in street noises throug! 
installation of inner doors for ins 
tion purposes. Preservation of 
books through elimination of 
“drying out” encountered previ 
as a result of the hot, dry at 
Coalinga, also has been reporte 
Librarian Rowe since air condit 
ing —Epwarp T. Murpny, Vice 
ident, Carrier Corp. 
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HE role of industrial plant air 
conditioning in the national 
defense program on which so 

uch of our endeavor is being put 
ese days has been pointed out in 
umerous articles published during 
e past year or two in HPAC 
Controlled temperatures and humid 
ties are essential to many produc 
tion processes (some can't be carried 
n at all without air condition 


ing), and are often quite important 
to the maintenance of efficient work 
ng conditions for the personnel un 
ler the stress of the greater effort 
ind longer hours required by the 
so-called “all out” effort. One par 
ticularly interesting application of 
air conditioning, to which special 
attention has been given in_ these 
pages, is the use of air conditioning 
in plants of windowless construction 

that is, the “black-out’’ plants, 
which are so designed as a protec 
tion against possible attack from the 
alt 

Thousands of tons of refrigera 
tion for air conditioning defense in- 
dustry plants is being installed this 
year. For instance, one of the auto 
motive manufacturers, who is build 
ing three aircraft engine plants in 
three different midwestern cities, 
will install a total of almost 10,000 
tons of centrifugal refrigeration for 
air conditioning. Other manufactur 
ers are planning air conditioning on 
a sinular scale. 

\n example of a “constant tem 
perature’ black-out defense plant 
containing no windows is the new 

North American 
In a plant of this 


fexas unit of 
\viation, Inc. 
kind it is necessary to have artificial 
lighting closely simulating actual 
daylight conditions, and an air con 
litioning system. 


Design Conditions 


The air conditioning system is de 


signed to provide a_ reasonable 


amount of ‘comfort cooling during 
summer operations by circulated 


SUMMARY—Thousands of tons of re- 
frigeration is being installed this year 
for air conditioning service in our na- 
tional defense plants. One important 
reason for air conditioning is to make 
these factories “black-out-proof.” . . . 
An example is a new 1 million sq ft 
aireraft plamt in Texas, served by four 
60 ton centrifugal refrigeration com- 
pressors. The air treating equipment is 
situated in nine penthouses, and the 
chilled water is circulated to them for 
cooling in summer... . The design con- 
ditions and air conditioning equipment 
ire described in the accompanying text 
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Defense Industry Plants Install Thousands 


of Tons Refrigeration 


} ‘ 
heating will be han 


chilled water : 
dled in winter by circulation oi 
warm water. In deciding upon the 
most advisable system for this plant 
the following design conditions were 
employed : 

Summer Operations Cooling 
outside air of 100 F dry bulb and 
78 F wet bulb to produce an inside 
air temperature of 84 F dry bulb 
at a relative humidity not exceeding 
45 per cent. While maintaining 
these conditions, not less than 160, 
O00 cim of outside air is to be in 
hiltrated. 

Winter Operations Heating out 
side air of 5 F to produce an insicd 
air temperature of 70 F dry bulb 
and with 35 per cent relative hu 
midity. These 
maintained during this period at 
which a maximum of 160,000 cim 


conditions to he 


of outside air is to be used. 
Sensible and latent heat load was 
computed on the basis of 10,000 
people occupying the plant at a 
given time. It was also necessar\ 
to figure on a considerable load due 
to fluorescent lighting and machin 
ery and tools in operation. Design 
of the heating system was based on 
shut-down operations in which no 
set heat gain could be realized from 


either personnel or connected power 


2600 Tons Refrigeration 

\t present, the air conditioning 
layout comprises (a) four 650 ton 
centrifugal compressors for produ 
ing chilled water at approximately 
45 F which is to be circulated to re 
turn type ce oling coils in each of the 
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for Air Conditioning 


nine penthouses situated on thi 


of the maim factory building: 
nine penthouses containing dual 
tems ot mechanical oi] tmmersi 
type filters, the return type « 
coils and fan units; and (c) a m 
chamical forced draft cooling towe 
placed over a million gal reservoir 
situated south of the main fact 
building, 

Supply air is taken from the « 
haust side of ea tan in each of 
penthouses and distributed to the 
factory through suitable ducts w 
are suspended in the trusses above 
the bottom chord Return ai 
taken from the factory throug 
grille work at the bottom of ea 
penthouse. Louvers under auto 
matic control are provided in ea 
penthouse for the infiltration of out 
side air. 

Each fan has a maximum output 
of 62,500 cim against estimate ds 
tem resistance pressure of | 
water. 

Three of the 650 ton centritugal 
compressors are direct connected t 
synchronous motors, the fourth be 
mg connected to an induction tvpe 
motor for purposes of regulatior 
The forced draft mechanical cooling 


handle 10 


000 gpm from an entering 


tower was designed to 
tempe! i 
ture of 100 F to a final temperature 
of 85 F at an atmospheric conditior 
equivalent to 78 F wet bulb, and 

lower temperatures according to 

lower wet bulb reading. The 1k 
+] 


by evaporation passing rough the 
cooling tower is not to exceed 1 per 


cent of the total water circulated for 


te 



































WAR DEPARTMENT 


APPOINTS SPECIALISTS 


The war department announced 
last month the addition of several 
more prominent consultants and 
specialists in design and engineer- 
ing to the staff of the construction 
division, office of the quartermaster 
general, which is in charge of the 
temporary emergency construction 
program for troop housing, powder 
factories, ordnance plants and mis- 
cellaneous facilities. Appointed by 
the chief of the construction divi- 
sion, with the approval of the quar- 
termaster general, they are, with 
their respective assignments, as fol- 
lows: 

Warren H. McBryde, San Fran- 
cisco; engineering branch; chief, 
mechanical engineering unit; to di- 
rect work on power generation and 
distribution, munitions plant design, 
cold storage and refrigeration, oil, 
gas and gasoline distribution, pipe 
lines, pumping stations and special 
mechanical installations. 

Ernest B. Black, Kansas City, 
Mo.; engineering branch; to act as 
consultant on water supply and 
water distribution problems. 

Samuel A. Greeley, Chicago; en- 
gineering branch; to advise on sew- 
age treatment projects, sewer sys- 
tems and incineration problems. 

Richmond H. Shreve, New York 
City; engineering branch; to serve 
as architectural consultant. 

A. D. Taylor, of Cleveland; en- 
gineering branch; consultant, unit 
of site planning. 

Alonzo J. Hammond, Chicago; 
construction advisory section; to 
join Brigadier-general George R. 
Spalding, (Ret) as fifth member of 
the committee which passes upon 
the qualifications of contractors ap- 
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These Texans are acquiring the skill required to fabricate and 
assemble aircraft to army standards. The photo was taken in one 


without the 
of guy wires. 


of the training rooms in temporary quarters of North American maximum 1m 


each 10 deg reduction in water tem- 
perature, drift loss not to exceed 0.2 
per cent of the total water circu- 
lated. Construction of the tower is 
such that it will withstand all stress 
produced by winds or other loads 
equivalent to a wind velocity of 100 
mph or a pressure of 30 Ib per sq ft 


plying for work under the construc- 
tion division. By the appointment 
of Mr. Hammond, the construction 


level of 85 ce 
bels is required at a distance oi 
ft from any side of the tower. 
This system was designed by 
J. Gallant, technical consultant 
North American Aviation, Inc., ; 
D. S. Capstick of the Frigidaire | 
vision of General Motors in co 
eration with |. Gordon Turn! 


advisory section is rounded ou 
the size originally contempla 
when it was established 


PIPING RIDES ON ROLLER BEARINGS 


The American Viscose Corp. has installed 
tapered roller bearing conveyor tubes as 
supports for their hot water lines at their 
Front Royal, Va., plant. The steam line 
supports in another American Viscose 
plant at Nitro, West Va., are similarly 
equipped. The bearing mounting con- 
sists of a conventional conveyor tube, 8 
in. long, equipped with roller bearings 
and appropriate inner and outer seals at 
each end of the tube. Adjustment of the 
bearings is obtained through collars 


placed over the shaft and locked } 
means of two set screws. The bearing: 
were packed at assembly with a light-+o 
medium consistency lime base grea» 


These are believed to be the first appli. 
cations of this type. They provide assur. 


ance that line expansion will be properly 
handled, and the ease of rolling afforded 


by the bearings permits the pipe expan- 


sion to take place with minimum effort 
and precludes extraneous loads being put 
on the line by expansion and contraction 


~-Photo courtesy Timken Roller Bearing | 


TAPERED BEARING EQUIPPED SUPPORTS 
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How to Save 


HEATING DOLLARS 


H. P. Seott, Assistant Supervising Engineer of 


Large Real Estate Management Firm, Reports 


Examples of Big Savings in Heating Buildings 


FTER it is determined—by 

some such method as out- 

lined in my article in the 
March HPAC—that the fuel con- 
sumption of a building is excessive, 
it may be reduced by reducing the 
building requirements and by in- 
creasing the plant efficiency. 

Reducing the heat requirements 
of the building can be accomplished 
by weatherstripping windows, en- 
trances and elevator shafts; install- 
ing revolving doors; keeping valves 
and traps in good repair; discon- 
tinuing or reducing the steam enter- 
ing unoccupied premises ; providing 
automatic controls to retard steam 
as the demand decreases; by insu- 
lating all pipes not being utilized for 
radiation ; etc. 

Recommendations for improving 
plant efficiency are many and are 
fully discussed in numerous easily 
obtained articles. Briefly, sections 
of a building requiring longer hours 
of heat than the general building 
space should be served by separate 
risers, as extra risers, properly 
valved for controlling the flow of 
steam, are far less expensive than 
heating an entire building to care 
for a local demand. Quick venting 
air eliminators make lower working 
pressures possible and afford a rapid 
means of purging cold air from the 
system. Circulators and vacuum 
pumps provide for rapid circulation 
and conserve steam by decreasing 
the time element required to make 
the circuit of the radiators or hot 
water outlets. Agitators in the 
steam boilers create a mildly turbu- 
lent condition which promotes rapid 
steaming, 

Since human nature shuns incon- 
venience, controls should be placed 


in easily accessible locations. Feed 
water treatment, the judicious appli 
cation of soot removing compounds 
and tube turbining keep heating sur 
faces free from scale, allow for the 
ready transfer of heat and inhibit 
the corrosion of the metal. Sludge 
solvents are proving not only bene 
ficial for improving the flow of oil 
to burners and alleviating the clog 
ging of strainers, pumps and noz 
zles, but are considered by many to 
be compulsory treatment for the 
more viscous grades of heavy oil 
now on the market. 

Barometric dampers, draft con 
trols and blowers adjust natural 


conditions to work in conjunct 
with plant design. Gages, mete 
and thermometers should be pro 
vided to furnish the engineer wit! 
an intelligent knowledge of what is 
taking place. Complaints due 

insufficient heat should be immedi 
ately investigated and eliminated, 
not by forcing an excess of stean 
into the risers to counteract the de 
ficiency but by locating and correct 
ing the fault. In this day of ger 
erally reduced rentals and increase: 
labor, material and taxation charges, 
it is the duty as well as the privilege 
of engineers and maintenance men 
to educate owners to the possibility 





SUMMARY—In March, Mr. Scott, who 
is assistant supervising engineer of 
Brown, Wheelock, Harris, Stevens, Inc. 

large New York real estate management 
organization—told of a method whereby 
an overall reduction of 16 per cent in 
fuel consumption on a total annual fuel 
biil amounting to three-quarters of a mil- 
lion dollars has been achieved. He also 
presented a tabulation of fuel consump- 
tion factors for various types of buildings 
and various fuels based on a survey of 
160 buildings using coal, 40 heated by 
street steam and 50 burning oil; these 
unit figures may be used to set up a 
mark at which to shoot... . This month 
he reviews some actual examples of how 
savings in heating dollars have been 
made. All methods of making such sav- 
ings aren't of course covered, but the 
cases cited indicate many of the things 
to do, prove there are numerous possi- 
bilities. . . . In general, excessive fuel 
consumption for heating buildings can 
be reduced in two ways: by reducing 
the heat requirements of the building, 
and by increasing the plant’s efficiency 


Gages, meters and thermometers should 
be provided to furnish the engineer with 
knowledge of just what is taking place 
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The apartment building served by these four boilers is divided into 
zones under the control of motor operated pressure reducing valves 


of reducing the items charged 
against the furnishing of heat and 
hot water to their clients. Since the 
fuel item is one of the largest single 
charges which an owner is called 
upon to honor, a reduction of any 
size will be instantly appreciated. 


Proof of the Pudding 


Just as the “proof of the pudding” 
Is In Its consumption, records of fuel 
consumption have proved the valu 
f applying theory to practice. 

Thirty Story Apartment—A 30 
story, 7% million cu ft, 95 per cent 
occupied New York apartment 
house overlooking Central Park and 
exposed on three sides, was con 
verted to oil heat in the fall of 1937. 
It was estimated that the four boil 
ers, supplying hot water by means 
of instantaneous submerged coils, 
would annually consume % million 
val of oil. This estimate was ex 
ceeded by 17 per cent the first sea 
son, although the entire plant was 
good design and installation. 

Due to the several exposures, a 
zoning system was recommended 
and installed, consisting of five di- 
visions of supply, each activated by 
a motor operated pressure reducing 
valve, controlled by outside temper 
ature and the steam requirements of 
a key radiator in each of the several 
zones. The efficiency of the burn 
ers was improved by the installation 
of a CO, recorder, draft gages and 
adjustors. Excess air was reduced 
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from 120 to 40 per cent, CO, was 
raised from 7 to 11 per cent and the 
oil consumption reduced 14 per 
cent. Of this total saving, 9 per 
cent has been credited to the zoning 
system and the remaining 5 per cent 
to the instruments. The investment 
of approximately $4000 was re- 
turned from savings in two seasons. 
Office Building—The manage- 
ment of a midtown 114 million cu ft 
office and loft building in New York 
was assumed in the spring of 1936. 
Due to a light hot water load and 
restricted hours of heating, a stand 
ard of 40 gal of fuel oil per 1000 
cu ft per season was established. Al- 
though the tenancy at that time was 
75 per cent of capacity the consump 
tion for the first season was 20 per 
cent in excess of the selected stand- 
ard. During the past few seasons 
cracks in the boiler setting have 
been located and sealed, a sub 
merged hot water coil has replaced 
a steam heated tank coil, quick 
venting valves have been installed at 
the tops of all risers and new insula 
tion has been applied to the two 
boilers. The working pressure has 
heen decreased from 14 to 2 lb and, 
although the tenancy has since in- 
creased from 75 to 100 per cent, the 
fuel consumption has been reduced 
17 per cent. This has amortized ex 
pense of the improvements. 
Apartment—A 2% million cu ft 
apartment house on New York's 
upper Park Ave. was converted to 
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oil in the fall of 1938. It was 
mated that the annual oil cons 
tion should not exceed 155,00 
This estimate proved correct y 
% per cent but it was believed 
even this acceptable record cou 
bettered. 

An automatic temperature « 
having a three point balance (in 
outside and radiator output te: 
atures) has reduced the cons 
tion 5 per cent. 

Apartment—Still another 
ment dwelling exposed oi 
sides, 75 per cent occupied an 
ing a cube of 1% million cu 
oil burners installed in the 
1936. A barometric dampe: 
gages, submerged hot wate: 
and insulation reduced the first 
son’s oil consumption 14 per 
The plant is now operating 
cent below this. 

Apartment—A coal burning 
per East Side, 1 million cu ft 
ment house had its consumptior 
duced from 0.89 to 0.77 Ib per 
per season due to the installati 
a barometric draft control, 
merged coils and new _ insulat 
The reduction amortized th 
provements in three seasons 

Loft Buildings—A 12 story dow 
town loft building, supplying 
only, from a rice coal burning “ 
chop” boiler, showed a 24 pet 
saving after quick venting valv: 
the tops of all risers made it poss 
to reduce the operating pres 
from 9 to 1 Ib and a damper 
lator was installed to prevent 
minimum requirement from 
ing during the absence of the 
bination “fireman-elevator ope: 
porter.” An equalizing line betwee 
the boiler water and steam sect! 
and a Hartford loop, eliminat: 
former tendency of the boiler 
backing up the return lines 
flooding the radiators on tl 
and 2nd floors. 

\ 1% million cu ft dow 
rice coal burning loft bu 
showed a 13 per cent fuel redu 
after defective asbestos was rep! 
on the boiler and mains. 


Installing new radiator valves 
repitching trapped branch lin 
sulted in an important but rel 
small saving of 4 per cent in a! 
2'%4 million cu ft loft building 


\ condensation pump and 


sulation of risers saved 9 per 


in a Wall St. office building 
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HEATING, PIPING AND AIR CONDITIONING DATA SHEET 





PAC's readers frequently 
ask HPAC’s editors for 
: information on various 
% methods of identifying piping sys 

tems in plants and buildings. Many 
supervising and operating engineers 
q and maintenance men have found 


that a logical scheme of identifying 
piping services, together with draw 
ngs showing locations of the vari 
us lines, save time and money and 
often prevent costly mistakes 

With industrial plants working 
longer hours, less time for repair 
and maintenance operations, and 
in many cases—new men on the job, 
an easily understood method of 
marking the piping systems becomes 
of increased importance. For this 
reason, various methods which have 
heen explained in detail in previous 
issues of HPAC are brought to 
gether in this data sheet for handy 
reference and use. 

There is available an American 
Recommended Practice Scheme for 
Identification of Piping Systems 

\13-1928), copies of which may 
he had from the American Stand 
ards Association, 29 W. 39th i 
New York, N. Y., at 50c each. Two 
f the tables from this standard are 
reproduced here; further informa 
tion about it was given in HPAC, 
October. 1938. pp 651-656 


Sizes of Stencil Letters 
m American Recommended Practic: 
ne for the Identification of Piping 


Systems, A13-1928) 


‘ SIDE OUTSIDE 
DIAM. oF | SIZE oF DIAM. oF Size OF 
PIPE OR STENCIL | PIPE OR STENCII 
VERING LETTER COVERING LETTER 
x IN IN IN 
V, 4 1% 
2 
2 6 14, 
2 7 : 
‘ s 2 
; 9 rt, 
7 10 , 
. 11 3 
2 1%, 12 3 
1'%4 13 and over 32 
ly 
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Identifying Piping Services 


Color Legends for Plant and Building Piping 


Classification of Materials Carried in Pipes 


or 180 t 1x 















































Color Code Used at Aireraft Factory 

STEAM: Wide white band. Narrow band in center: Superheated, black; saturated, 
green; exhaust, vermilion. 

Receiver: Wide orange band. Narrow band in center: High pressure drip lines to 
Holly receiver or traps, black; Holly receiver to boiler or discharge line from traps, 
vermilion. 

FRESH or Crry Water: Wide dark blue band. Narrow band in center: Cold fresh 
water (including water sealing piping of turbines, step bearing pipes), vermilion; 
warm fresh water (supply and return), discharge from hot well pumps to hot well, 
hot well to feedwater heaters, black. 

Borter (BorLer Feepwarer, FeEepwater Heater To Borter Drums): Wide pompeian 
red band. No center band. 

Waste: Wide lead color band. Narrow band in center: Blow-off, low pressure drips, 
overboard discharge, overflow and other waste lines, black. 

SALT oR River WATER: Wide light green band. Narrow band in center: Suction to 
fire and condenser circulating pumps, none; discharge from condenser circulating 
pumps, black; discharge from condensers, vermilion. 

BeaRING O1L: Wide tan band. Narrow band in center: Supply to turbines and air 
compressors, black; return from turbines and air compressors, vermilion. 

Fire Mains (DISCHARGE FROM Fire Pumps, SPRINKLER Systems): Wide vermilion 
band. No center band. 

Compressep Arr: Wide black band. No center band. 

Vacuum: Wide yellow band. Narrow band in center: Black. 

ELectric Conpuirs: Color same as adjacent surface. 

Fue, Ort: Wide tan band. Narrow band in center: Green. 

GASOLINE: Wide brown band. Narrow band in center: Supply, yellow; return, blue 

DraAINace (Waste Lines, DRAINAGE AND SEWER Pipinc): Wide black band. Narrow 
band in center: Pink. 

Note—Wide band is 18 in. long and narrow band in center is 6 in. long. 


Color Code Used at Rubber Industry Plant 
.Narrow red band 
Narrow black band 
; Narrow green band 
W ide yellow band. Narrow band in center; Water, black; air, green 
.Narrow blue band 
Narrow brown band 
.. Narrow maroon band 
Narrow aluminum band 


SPRINKLER LINEs. 
Warter LINEs... 
Air LINEs.. 
HUMIDIFIER 
Power ConpDuvulirtTs... 
LIGHTING CoNDUITs. 
Ou LInes. 

STEAM .. 


Color Code Used at Public Building 

WatTER: Wide blue band. Narrow band in center: High pressure, black; fire system, 
red; boilerfeed, brown; city pressure, none; drinking (cooled), white; hot, yellow; 
hydraulic supply, green; hydraulic return, gray. 

SteAM: Wide white band. Narrow band in center: High pressure, red; low pressure, 
none; exhaust, green; vacuum return (cond.), black; vacuum return (water), blue; 
blow-off line, yellow. 

Air: Wide yellow band. Narrow band in center: Compressed, none; vacuum, black. 

Waste: Wide brown band. Narrow band in center: Sewage, red; storm water, white ; 
drainage, none. 

Exvectric Lines: Wide black band. Narrow band in center: Light and power, none; 
telephone, cream. 

Gas AND Ot: Wide red band. Narrow band in center: Fuel oil, black; city gas, 
none; “Freon,” white. 

Note—Wide band is 8 in. long and narrow band in center is 3 in. long. Bands to 


be placed on discharge side of all valves and fittings. 





In this standard, it is pointed out 
that the principal requirements for 
a standard scheme for the identifi- 
cation of piping systems are distin- 
guishability, flexibility, inclusive- 
ness, simplicity, practicality and 
rationality. Its first and principal 
requirement is that the pipes in each 
system shall be so colored as to des- 
ignate exactly which of the five ma- 
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jor classes of fluids (see table) are 
heing conveyed by the system. 

This scheme provides that the 
color may be applied over the entire 
length of the piping system or in 
bands 8 to 10 in. wide near valves 
and at other important places. The 
use of bands permits of identifica- 
tion by color, even though all the 
pipes of a given layout are given 
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uniform treatment for purpos: 
illumination or decorative apy 
ance, 

Where it is desired to ide: 
more exactly the nature of the fj 
in a given piping system, this 
be accomplished by the additio: 
one or more stripes of color at 
edges of the band, or by sten 
letters, words or figures on 
band. For example, in a plant 
ing several safe materials, 
would be several pipes having 
dominant color or color band 
green, and superimposed on 
green bands on one piping sy 
might be a stripe of red, on an 
a stripe of yellow, another a st 
of blue, etc., the color of the se 
ary stripe having lost its : 
classification significance under 
scheme. 

If the selected system had 
cluded legends instead of st: 
then in the example given 
there would be superimposed 
each green band the stenciled 
of the material conveyed by 
particular pipe, or an identificat 
mark of some kind. 

In addition to this stand 
scheme for identifying piping 
tems, many plants and _ building 
have worked out their own « 
codes to meet their own special 
quirements. Three examples 
tabulated here. The instructior 
companying the code for an ait 
factory read in part as follows 

All pipe lines to equipment s! 
painted to 5 ft above floor the same 
as the machines to which they aré 
tached or the same color as adjacent 
if not connected to machinery 

The service of each piping systen 
he identified by different colors 
proper painting of the flanges, 
stripes as indicated in the table 


All stripes shall be painted on the pip 
or insulation at right angles to the « 
line and the edges shall be shar; 
clean. 

On pipes passing through floors ident 
by painting above and below each 
except below ground floor. 

On pipes passing through wall 
partitions identify by painting 
side, except beyond outside walls 

On long runs of piping identify 
spicuous locations about 50 ft a) 

Identity painting may be locat 
other points as considered advisab 
correct identification of the piping 


tems. 
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A Comparison of the Weight, Particl» 


Count and Discoloration Methods 
of Testing Air Filters 


By Frank B. Rowley* and Richard C. Jordan** 


Minneapolis, Minn. 


This paper is the result of research sponsored by the AMERICAN Society OF HEATING 
AND VENTILATING ENGINEERS and the Graduate School of the University of Minne- 
sota in cooperation with the Engineering Experiment Station, University of Minnesota. 


Part 1 


HREE fundamentally differ- 

ent test methods based on 

weight, particle count, and 
discoloration have been developed 
for use in the laboratory rating of 
air filters. The weight arrestance or 
efficiency indicates the percentage of 
the weight of dust in the air which 
the filter is capable of removing. 
The particle count arrestance shows 
the percentage of the number of 
dust particles which ‘the filter can 
remove. The discoloration arrest- 
ance is a measure of the relative re- 
duction in the potential soiling 
properties of the air-dust mixture 
caused by passing it through the fil- 
ter. Thus, each test method meas- 
ures a different property, and a fil- 
ter subjected to all three tests will 
have three different arrestance or 
efficiency ratings. Furthermore, any 
single test method can be used in 
conjunction with any one of a num- 
ber of different artificial test dusts 
possessing different physical and 
chemical properties, with each dust 
giving different test results. 

In 1933 the AMERICAN SOCIETY 
OF HEATING AND VENTILATING 
I;NGINEERS incorporated the weight 
principle of testing air filters in 
their Standard Code for Testing 
and Rating Air Cleaning Devices 
used in General Ventilation Work. 
Several standard dusts have been 
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Presented at the 47th Annual Meeting 
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SUMMARY 


Relative merits of three filter test meth- 
ods based on weight, particle count, and 
discoloration are analyzed and the test 
results are correlated with the theory of 
filtering air. The particle count method 
of testing filters in its present state of 
perfection seems to require too long a 
time to make a determination which can 
be considered statistically reliable. The 
discoloration method is probably the best 
measure of the reduction in discolora- 
tion, while the weight method is the best 
measure of the reduction of the larger 
visible dust particles 


prepared’ for use in conjunction 
with this test method, and several 
articles* *»* dealing with the vari- 
ous factors affecting the test results 
obtained by the weight method have 
been published. However, the 
weight test has never received unan- 
imous acceptance by either the filter 
manufacturers or those individuals 
interested in filter rating methods, 
especially since the advent and de- 
velopment of the discoloration test 
method. For this reason there has 
been a need for extended studies 
covering a direct comparison and 
correlation of these three test meth- 
ods. The present investigations 
cover the following points: 

1. Factors affecting the results ob- 
tained by the discoloration test method. 


1A Standard Air Filter Test Dust, by F. B 
Rowley and R. C. Jordan. (ASHVE Trans 
actions, Vol. 45, 1939, p. 681.) 

*Air Filter Performance as Affected by Kind 
of Dust, Rate of Dust Feed and Air Velocity 
through Filter. by F. B. Rowley and R. C. 
a aes Transactions, Vol. 44, 1938, 
p. 415. 

%Air Filter Performance as Affected by Low 
Rate of Dust Feed, Various Types of Carbon, 
and Dust Particle Size and msity, by F. B. 
Rowley and R. C. Jordan. (ASHVE Trawns- 
actions, Vol. 45, 1939, p. 3389.) 

‘The Effect of Lint on Air Filter Perform- 
ance, by F. B. Rowley and R. C. Jordan. 
(ASHVE Jovrnat Section, Heating, Piping 
and Air Conditioning, January, 1940.) 


2. Comparison of the weight, partici 
count, and discoloration methods of test 
on typical filters with various test dusts 

3. Correlation of filtering theory wit! 
test results. 


Weight Test Method 


The weight or crucible method 
determining filter arrestance as used 
in these investigations was essen- 
tially that described in the ASHV! 
Air Filter Code.® The test appara 
tus and procedure have been de 
scribed in a previous paper.® The 
rate of dust feed was 40 g (grams 
per hour and the face air velocit 
300 fpm. In the majority of 
determinations were made onl) 
the arrestance, as filter life is the 
same by all three test methods 


; 


tests 


Particle Count Method 


The particle count method of de 
termining filter arrestance consists 
in removing air samples simultan 
ously from upstream and dow! 
stream of the filter and determining 
by microscopic examination th 
number of particles per unit volum 
of air. Equation (1) can then b 
used to determine the arrestance 

P; 
P; 

P,= dust count downstream 
filter, particles per cubi 
foot. 

P, = dust count upstream of fil 
ter, particles per cubic foot 

In the present investigation tes 

air-dust samples were collected | 





Arrestance = 1 — 


where, 


)\ 


5ASHVE Standard Code for Testing 
Rating Air Cleaning Devices used in © 
Ventilation Work. (ASHVE Trawnsaction> 
Vol. 39, 1933, p. 225.) 

*Loc. Cit. Note 2. 


nera 
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.wo different methods; first, by 
means of an adhesive impingement 
‘ype of dust counter developed in 
the University of Minnesota, Engi- 
neering Experiment Station, for use 
in making atmospheric dust count 
leterminations; and second, by 
means of dust settling chambers. 
[he dust counter used, shown in 
Fig. 1, consists of a suction pump 
which draws the air-dust mixture 
through a small orifice and impinges 
it against a glass slide coated with 
a thin film of oil. During sampling 
a vacuum is maintained in the im- 
pingement chamber at approxi- 
mately 5 in. of mercury by means of 
the pump. The impingement slide 
carriage is linked to the pump han- 
dle so that during overation the 
slide moves slowly past the orifice. 
Thus, the jet of air and dust is im- 
pinged at constant velocity against 
the oiled slide, and the dust particles 
are deposited along a path. By 
microscopic examination of this 
path at 100 diam magnification the 
number of particles per unit volume 
of air can be determined. 

The settling chambers 
these tests were similar to those de- 
scribed by Green.’ In the present 
investigation the chambers were 4 
in. x 4 in. in cross-section and 2 in. 


used in 


Number and Size Frequency of Particles of 





Fig. 1—Dust counter used in making 
particle count arrestance determinations 


in height. Samples of the air-dust 
mixture to be 
trapped in these chambers and the 
dust allowed to settle out of the air 
for 24 hours onto oil-coated glass 


analyzed were 


slides placed on the chamber bot 
toms. By microscopic examination 
and count at 100 diam magnification 
the number of particles per unit vol 
ume of space was determined. The 
settling time was sufficient to insure 
complete removal from the air of all 
suspended particles visible at this 
magnification. 

It was found impractical to use 
a high rate of artificial dust feed to 
the filters making particle 
count arrestance determinations be 
resulting extremely 
Therefore, these 


when 


cause of the 
high dust counts. 





Dusts, by H Green. (Journal of Industrial : ‘3 x . . : 
Hygiene, Vol. 16, January, 1984, p. 29.) tests were conducted with eithet 
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normal air-borne dust and no arti 
heial dust feed, or by dusting the 
air in the vicinity of the test duct 
inlet with the desired artificial dust 
This dusting was accomplished 
about 10 ft away from the duct en 
a compressed 


trance by means ofl 


air jet and a small container of the 
test dust. In this way it was pos 
sible to obtain concentrations suffi 
ciently low that they could be read 
ily counted yet high enough that 
their mixture with the normal ait 
borne dust did not 


As the upstream 


introduce any 
appreciable error. 
and downstream samples’ were 
taken simultaneously, small varia 
tions in the dust concentrations had 
no appreciable effect on the results 

In making both the settling cham 
ber and the dust counter arrestance 
samples taken 
filter 


determinations five 


from each side of the wert 


counted and averaged for a single 
arrestance determination Che at 
restance results reported are the 
average of five separate determina 


tions or tests. 


Discoloration Test Method 


] 


The discoloration method (also 


termed  photo-electric 


density, or 


sometimes 
cell, optical 
power method) of determining filter 


soiling 


arrestance consists essentially in re 
moving air samples simultaneously 
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Fig. 2—Test duct with sampling apparatus for determining discoloration arrestances 


Hearing, Preinc anp Air Conprriontnc, Aprit, 1941 
































= 








from upstream and downstream of 
a filter, passing these samples 
through filter papers to remove the 
dust, and then subjecting these pa- 
pers to a light beam and photo-cell 
to determine the concentrations of 
the dust deposits. The arrestance 
is determined by application of 
Equation (2). 


Ci 
Arrestance = 1 — ——............. (2) 
C2 
vhere, C; = downstream dust concentra- 
tion. 
C2= upstream dust concentra- 
tion. 


The density of dust on the filter 
paper D will vary with the area, 
the rate of sampling, the concentra- 
tion, and the time of sampling as in 
Kquation (3): 
Otc 
D -— eee rrr * ) 
A 
where. QO volume of air sampled, cu- 
bic foot per minute. 


Heating - Pips uxt Air Conditioning 
Journal Section 


scribed by Dill® and used at the Na- 
tional Bureau of Standards. How 
ever Dill in his tests made 


D, = D: 
th — te 
0: = QO: 
and thus, 
A, 
Asrestamce sa 0 ms me 6 occas (6) 
1s 


In this case the size of the filter 
paper spot is varied by providing 
various apertures corresponding to 
the different arrestances. In order 
to provide more flexibility in the 
tests of the present investigations 
the apparatus was modified so that, 


D, =D: 
& <a & 
A, As 
and thus, 
O- 
\rrestance 1 brads (7) 
O; 


Thus in these tests the volumes of 


same was identical with that 
by Dill and originally descrih: 
Wood.® 

There are several method 
which the photometer can be 
to determine when the dust 
densities of the filter papers 
equal. The method originall) 
scribed by Dill placed the filte: 
per dust spot between the 
source and the photronic cell, 
thus measured the intensity of 
transmitted by the filter papers 
addition to arrestances deter: 
by this method, the present in 
gations also include arrestanc« 
termined by measuring the light 
flected from the surfaces of the 
papers. Fig. 3 shows the appa: 
used for making transmitted 
discoloration arrestance deter: 
tions, and Fig. 4, the apparat 


one cect 


Fig. 3-—-Photometer for transmitted light discoloration 
arrestance determinations 


¢ = time of sampling, minutes. 
A = area of dust deposit, square 
inch. 
C = concentration of dust in air 
stream. 
D = density of dust deposit on 
filter paper. 
If -quation (3) is solved for C 
then, 
tc — - 
Vt 
This expression may then be sub- 
stituted in the arrestance equation, 
giving 
D,A:1Qet2 


\rrestance = 1 ee 
DsA20it: 


In order to apply this relationship 
in practice three of the four varia- 
bles D, A, Q and ¢t should be kept 
constant and the other varied. As 
it is difficult to measure D in abso- 
lute units but is comparatively easy 
to determine when D, and D, are 
equal, this variable is usually ad- 
justed so that D, and D, cancel. 
The apparatus used in the pres- 
ent investigations was essentially 
the same as that developed and de- 
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air sampled from the two sides of 
the filter were varied until the re- 
sulting dust spot densities of the 
filter papers were equal. 

Fig. 2 shows the test duct with 
the sampling tubes in position and 
a detail of these tubes. The air 
samples were drawn from the test 
duct by means of a suction pump 
and the volumes of these samples 
measured by means of calibrated flat 
plate orifices located in the sam- 
pling tubes. The pressure differen- 
tials across these orifices were 
measured by means of inclined draft 
gages. The rate of sampling for 
the downstream tube was 0.75 cfm 
and the upstream rate was varied, 
depending on the arrestance. The 
time of sampling varied from two 
to ten minutes, depending upon the 
nature and color of the test dust. 
The photometer circuit used for de- 
termining when the densities of the 
filter paper dust deposits were the 
8A Test Method for Air Filters, by R. S 


Dill. (ASHVE Transactions, Vol. 44, 1938, 
p. 379.) 


HeatTIne 


Fig. 4—Photometer 
arrestance determinations 


. Prernc anp Am Conprrrontnc, APRIL, 


for reflected light discoloration 


making reflected light discolorat 
arrestance determinations. [1 
latter case both the incident a: 
flected light beams were at angles 
45 deg to the filter paper su 
and at 90 deg to each other. 


Factors Affecting Discoloration 
Test Results 


During the course of the iny 
gations it was found that sey 
factors influenced the arresta! 
determined by the discoloratio: 
method. Each of these factors 
subjected to further analysis 
will be discussed in turn. 


Velocity of Air through 
Sampling Tubes 
At the beginning of the investi 

tions it was realized that whet 
sampling tube air volumes 
varied in order to obtain equa! 
colorations of the upstream 
downstream filter papers, the: 





*Zero-Potential. Circuit for Blocking 
*hoto-cells, by L. A. Wood. (The Rev 
Scientific Instruments, Vol. 7, March 
157.) 








necessarily concomitant variations 
in the sampling tube air velocities. 
This results in two possible condi- 
tions, one in which the sampling 
tube air velocity is greater than the 
duct air stream velocity, and the 
ther in which the tube velocity is 
lower than the duct velocity. With 
the latter condition there is no ap- 
parent reason why the air-dust mix- 
ture samples should not be repre- 
sentative of those at the point of 
sampling, but when the tube veloc- 
ity is greater than the duct velocity, 
not only the jet of air directly in 
front of the tube is being sampled, 
but also air surrounding this core. 
It would then appear that, since the 
flow of air-dust mixture must 
change directions in order to enter 
the sampling tube, some of the dust 
may be centrifuged out of the air 
stream and not taken into consider- 
ation. In order to determine the 
possible magnitude of this source of 
error a series of filter tests was run 
in which the sampling velocities 
were varied. In some cases the 
opening sizes of the sampling tubes 
were changed by the application of 
two tips, one large and one small, 
placed over the ends of the main 
sampling tube. The large tip was 
0.667 in. in diameter, and the small 
one 0.182 in. in diameter, and both 
were 3 in. in length. These per- 
mitted extreme entrance velocity 
variations without any change in air 
volume. Normally the highest ve- 
locity used is approximately 718 
ipm, with a duct air velocity of 300 
fpm. In these tests the velocity 
was varied between 2,990 and 256 
fpm. 

The results of these tests indi- 
cated that any errors in the test re- 
sults introduced by normal varia- 
tions in the sampling velocities 
were negligible. For example, one 
filter tested three different times 
with downstream tube air velocities 
of 718 fpm, 574 fpm, and 383 fpm 
identical results. Only 
when the sampling tube velocities 
were increased to three or four 
times normal was there any signifi- 
cant change in the resulting filter 
arrestance. For example, on one 
sample when the upstream sampling 
tube air velocity was increased from 
536 fpm to 2,990 fpm the transmit- 
ted light discoloration arrestance 
also increased from 25 to 28 per 
cent. 


showed 


Selective Filtering 

As some types of dust are more 
easily removed from the air than 
others, and large dust particles are 
more easily eliminated than small 
ones, most air filters exhibit the 
phenomenon of selective filtering 
As a result dust samples drawn 
from either side of a filter and de 
posited on filter papers may exhibit 
the same photronic cell response to 
either reflected or transmitted light 
and yet appear different in color to 
the human eye. 
able in discoloration tests in which 
the artificial test dust was either a 
mixture of two different dusts 
(such as a mixture of 80 per cent 
Pocahontas ash and 20 per cent car- 
bon dust) or a single component 
dust of screened ash (such as Poca 
hontas ash). In the case of the 
probably 


This was notice 


mixed dust this was 
caused by a higher filtering efh- 
ciency for one of the components 
than for the other, thus resulting in 
a different mixture leaving the filter 
than that fed to the filter. In the 
case of the tests made with straight 
ash dust it appeared that there was 
always some carbonaceous material 
in the ash which again would result 
in a selective filtering and a visible 
difference in the appearance of the 
matched papers. The only cases in 
which the photronic cell matched 
papers also appeared perfectly 
matched to the human eye were 
those in which single component 
dusts relatively free from any im- 
purities of a different color were 
used. Those dusts tested which 
most closely fill these requirements 
were carbon dust and Cottrell ash. 


Papers Matched by Transmitted 
and Reflected Light 


As previously noted discoloration 
arrestance determinations were 
made by two different methods, one 
in which the dust deposits on the 
filter paper were considered to be of 
equal density when the photronic 
cell response to light transmitted 
through these papers was the same, 
and the other when the photronic 
cell response to light reflected from 
the surfaces of the papers was the 
same. These two methods of test 
gave entirely different arrestance 
determinations, as dust deposits 
matched by one method were not 
matched by the other method. The 
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results of these comparative tests 


will be presented later in the paper 

It appears that if air filter arrest 
ance ratings are to be based upon 
the relative discoloration powers of 
air-dust mixtures before entering 
and after leaving the air filter that 
the measure of this discoloration 
should be in direct relation to th 
\s all 


surface discolorations observed by 


response of the human eye 


the human eye are received by re 
flected light it seems justifiable that 
this principle should also be used in 
measuring the discoloration of the 
hilter papers. 

As discoloration is usually ce 
fined in terms of the human eye's 
response, theoretically the most ac 
curate results will be obtained when 
the spectral sensitivity of the pho 
tronic cell is equivalent to that of 
the human eye The ordinary 
photo-electric cell is considerably 
more sensitive than the eve in the 
long and short wave length regions 
of the visible spectrum, and further: 
more its sensitivity extends into the 
infra-red and ultra-violet regions 
In order to determine what effect 
this had on the reflected light dis 
coloration arrestance determinations 
several tests were run in which a 
correction filter was applied to the 
photronic cell in order to duplicate 
the spectral sensitivity of the human 
eye. There were no noticeable dii 
ferences in the results obtained wit! 
and without this correction filtes 
with the test dusts and light source 
used in these investigations, but it 
is conceivable that this might not 


always be the case 


Sensitivity of Discoloration Test 
Apparatus to Variations in 
Sampling Rate 


The sensitivity of the photometer 
in detecting variations in the vol 
umes of air sampled is dependent 
upon the amount of dust deposited 
on the filter papers. If the dust 
concentrations on the papers are 
heavy, additional dust deposits may 
result in little change in the photo 
cell response. For this reason tests 
were made with both transmitted 
and reflected light to determine the 
change in photometer readings per 
unit increase in dust deposit, and 
from these tests it was possible to 
deduce the optimum time of sam 
pling for maximum sensitivity. Fig 
5 shows typical response curves for 
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carbon dust, Pocahontas ash, and a 
mixture of 80 per cent Pocahontas 
ash and 20 per cent carbon dust. 
These tests were made at a sam- 
pling rate of 0.75 cfm and an air- 
dust concentration of 1 g of dust in 
1250 cu ft of air. As would be 
expected, the darker the color of the 
dust the more rapidly the meter 
reading dropped off. These curves 
indicate that when carbon dust is 
used as a test dust, the time of 
sampling should be 1 to 2 min, 
whereas, with Pocahontas ash the 
sampling time might be increased to 
as much as 4 or 5 min. If in the 
case of the carbon dust the sam- 
pling time was increased to 3 min 
or more, the photometer response 
would be approaching a minimum, 
and it would be difficult to detect 
slight changes in the sampling rate. 
The response curves for transmitted 
light are similar to those shown in 
Fig. 5 for reflected light with the 
exception that the photometer read- 
ings approach zero when the dust 
deposits are heavy enough to com- 
pletely block out all transmitted 
light instead, as in the case of the 


ee 
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Fig. 5—Effect of dust deposit weight on 
intensity of reflected light 


reflected light, of approaching a 
constant photometer reading great- 
er than zero when the papers are 
completely coated with the test dust. 


Relative Soiling Power of 
Different Test Dusts 


Both the transmitted and re- 
flected light methods of determining 
filter arrestance actually measure 
the reduction in soiling power or 
discoloration only in relation to the 
test dust being used. Thus, it is 
possible for a filter to show the 
same arrestance when tested on 


Part 2 


Comparison of Test Results 


Weight, Particle Count and Discoloration 


It is apparent that filter test re- 
sults obtained by the three methods 
(weight, particle count, and discol- 
oration) will not be the same, as 
each method measures a somewhat 
different characteristic of the filter. 
In order to obtain a direct compari- 
son of filter performance with dif- 
ferent types of dust and with the 
three methods of test, four fiiters 
were selected as typical of those 
used in practice and were subjected 
to comparative tests; These filters 
were designated by the letters, A, 
B, C, and D and briefly may be de- 
scribed as follows: 

A—A permanent type of cleanable oil 
filter 4 in. thick with 24 layers of ex- 
panded metal and wire screen graded 
from coarse mesh at entrance to fine mesh 
at leaving side. 

B—A viscous coated throw-away type 
filter 2 in. thick. The fibrous media 
were graded in fiber size, density, and oil- 
ing from entering to leaving side. 

C—A cellular type filter 2 in. thick 
built in two sections, each with the axis 


of cells set at 45 deg to the center line 
of duct and at 90 deg to each other. The 
cells on the entering side were of larger 
dimensions than those on the leaving side 
of the filter. 

D—A filter of cotton media of coarse 

material on the entering side and glazed 
on the leaving side. The filter media were 
accordion plaited in frame to give an area 
of approximately 12 times the cross-sec- 
tional area of air stream. 
These filters were selected because 
they were typical of their classifica- 
tions. It should not be construed 
that they are necessarily superior to 
other filters of similar design. 

Four synthetic dusts were select- 
ed for use in these comparative 
tests, namely: Pocahontas ash, 
screened through 200 mesh; Cot- 
trell ash, screened through 200 
mesh; Double Bolted Carbon Dust?® 
screened through 100 mesh; and a 
mixture consisting of 80 per cent 
Pocahontas ash and 20 per cent car- 
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either a dark dust or a light col 
dust, although the absolute soi 
power of the dark dust per unit 
ume or weight would be m 
times greater than that of the |: 
colored dust. Thus, it is con 
able that a filter tested by either 
transmitted or reflected light m 
ods might pass 80 per cent o 
light colored dust on one test 

20 per cent of a dark colored . 
on another, and yet this 80 per . 
might not have nearly the potential 
soiling power that the 20 per . 
of the dark colored dust wo 
have. The variations in the al 
lute soiling powers of three diffe: 
ent test dusts are indicated by Fig 
5, in which the reflected light p! 
tometer response is shown for ide: 
tical dust deposits of Pocahonta 
ash, carbon dust, and the 80-20 mix 
ture. Thus, for example, with 
dust deposit of 1.6 milligrams th 
80-20 mixture reflects 4.5 times and 
the Pocahontas ash 9 times as muc! 
light as the carbon dust. The ne 
cessity for a standard test dust | 
be used in conjunction with dis 
coloration tests is apparent fron 
these considerations. 


Methods 


bon dust by weight. In addition t 
tests on these synthetic dusts son 
discoloration and particle count a 
restances were obtained using no! 
mal air-borne dust without any art! 
ficial dust feed. 

Filters A, B, C and D were all 
tested by the transmitted light dis 
coloration and the weight methods 
on Pocahontas ash, Cottrell ash, 
carbon dust, and the 80-20 dust 
mixture. Reflected light discolora 
tion arrestances were obtained 0! 
all filters with Pocahontas ash, ca! 
bon dust and the 80-20 mixture. | 
addition all four filters were tested 
by both the transmitted and reflect 
ed light discoloration methods using 
normal air borne dust. Partick 
count arrestances were determined 
for Filters B, C, and D by both the 
dust counter and settling chambers 
on normal room air dust suspet! 
sions and with the settling chambers 
using Pocahontas ash dusted nea! 
the duct inlet. 


ofl 








Table 1—Comparison of Arrestances by Weight, Discoloration, and Particle Count Methods 
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The results of these tests are 
shown in Table 1 and in the bar dia- 
grams of Figs. 6, 7, 8, and 9, and 
indicate a wide variation in arrest- 
ances dependent upon both the type 
of test dust and the test method. 
In all cases the weight arrestances 
are higher than either the trans- 
mitted or reflected light discolora- 
tion arrestances or the particle 
count arrestances. In_ practically 
all cases the relative arrestances ob- 
tained by the different methods of 
testing were in the following order 
ranging from highest to lowest: 
weight arrestance, reflected light 
discoloration arrestance, transmitted 
light discoloration arrestance, and 
particle count arrestance. 

In this ranking the dust counter 
and settling chamber arrestances 
have been grouped together under 
particle count arrestance as there 
ere no fundamental differences be- 
tween these two determinations. 
The only reversals in order were 
between the discoloration and the 
particle count test methods for Fil- 
ters B and D on normal air and for 
Filter C on Pocahontas ash, and be- 
tween the reflected and transmitted 
light discoloration methods for Fil- 
ter C on carbon dust. Two of these 
four reversals were on normal air- 
borne dust and since, in these cases, 
all of the arrestances were low and 
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Fig. 6—Comparison of weight and dis- 
coloration arrestances for Filter A with 
various test dusts 





grouped together with little spread, 
and the rate of dust feed was neces- 
sarily too low for good accuracy on 
the discoloration tests, these rever- 
sals were probably not reliable and 
were not used in determining the 
rank in relative arrestance for the 
different methods. 

In the particle count arrestance 
tests made on the various filters 
with normal air-borne dusts, results 
obtained with the settling chambers 
check reasonably well with those 
obtained by means of the dust 
counter. Both of these methods re- 
quired a large number of tests in 
order to obtain a statistically accu- 
rate average arrestance. The dis- 
crepancies noted between the two 
methods of test were well within the 
range of experimental error. The 
particle count arrestance tests made 
on Filters B, C, and D with the set- 
tling chambers showed much higher 
arrestances when the test air was 
dusted with the 200-mesh Pocahon- 
tas dust than when normal labora- 
tory air was used. This result 
would be expected in view of the 
larger particle size of the artificial 
dust. 

It is interesting to note that for 
Filters A and C on transmitted 
light, and Filters B and D on re- 
flected light, the discoloration ar- 
restances are higher for both the 
carbon dust and the Pocahontas ash 
tested separately than for the 80-20 
mixture of the two components. It 
is difficult to offer a satisfactory ex- 
planation for this without further 
investigation, but it may be linked 
to the selective filtering phenom- 
enon previously discussed or to a 
change in the physical characteris- 
tics of the aggregate over those of 
either of its constituents. 

Both the discoloration and the 
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particle count arrestances made 
using normal air dust suspensions 
showed extremely low results on all 
filters. 


by the higher ratio of the number of 


This was probably caused 


small particles to the number of 
large particles for the normal air- 
borne dust in comparison with the 
same ratio for the artificial dust 
Filter D showed the highest arrest 
ances by all test methods when 
using these normal dust suspen 
sions. 

The following conclusions may 
be drawn from these investigations : 

1. For the majority of tests the rela- 
tive magnitude of the filter arrestances 
determined by the weight, particle count, 
and discoloration methods were in the fol- 
lowing order ranging from highest to 
lowest: weight arrestance, reflected light 
discoloration arrestance, transmitted light 
discoloration arrestance, and particle 
count arrestance. 

2. The particle count arrestances de 
termined by the dust counter method 
checked well with those determined by the 
settling chamber method. However, both 
methods required that a large number of 
tests be made in order to obtain a statis- 
tically accurate average determination. 

3. Tests made by using normal air- 
borne dust resulted in the lowest arrest- 
ance values with each of the test methods. 
This was probably caused by the greater 
percentage of very small particles found 
in normal air-dust suspensions than in 








Fig. 7—Comparison of weight, particle 
count and discoloration arrestances for 
Filter B with various test dusts 
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Fig. 8—Comparison of weight, particle 
count and discoloration arrestances for 
Filter C with various test dusts 


any of the artificial dusts. 

4. In several instances the discolora- 
tion arrestances for Pocahontas ash and 
for carbon dust were both higher than for 
the 80-20 mixture using these same dusts 
as components. The exact reason for this 
is unknown, but it may be caused by a 
change in the physical characteristics of 
the aggregate over those of either of its 
constituents. 


Continuous Discoloration Filter 
Tests 


In order to determine the effect 
of dust loading upon the arrestance 
of air filters tested by the reflected 
light discoloration method, and also 
to gain a direct comparison of the 
weight and reflected light arrest- 
ances, continuous tests were con- 
ducted on Filters B, C, and D with 
determinations made by the weight 
and discoloration methods. The 
80-20-dust mixture was used as a 
test dust, the rate of feed was 20 g 
per hour, and the filter face air ve- 
locity 300 fpm. At the beginning 
of each test hour the discoloration 
arrestance was determined after 
which the dust plate was removed 
and re-weighed and the weight ar- 
restance determined on the remain- 
ing dust. The discoloration arrest- 
ance determination consumed ap- 
proximately 5 out of the 20 g of 
dust, and the weight arrestance was 
determined on the remaining por- 
tion. Filter D was tested only by 
the reflected light discoloration 
method as the weight arrestance 
was so high that determinations of 
the increase in weight of the dust 
crucible were difficult when based 
upon a dust feed of only 15 g 
weight. 

The results of these tests shown 
in Figs. 10, 11 and 12 indicate in 
all cases a marked rise in reflected 
light discoloration arrestance with 
increased weight of dust fed. The 
arrestance of Filter D rose from 50 
to 75 per cent during an increase of 
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filter resistance of only 0.05 in. of 
water. Filter C rose in discolora- 
tion arrestance from 13 to 43 per 
cent during an increase in filter re- 
sistance of 0.15 in. of water, while 
during the same time the weight 
arrestance remained substantially 
constant. Filter B rose in discolora- 
tion arrestance from 46 to 55 per 
cent during a resistance rise of 0.12 
in. of water, while the weight arrest- 
ance rose only 5 per cent. These 
tests indicate that, when continuous 
tests are made on air filters with 
the arrestances determined by the 
discoloration method, much greater 
variations can be expected than 
when the arrestances are determined 
by the weight method. Although 
none of these tests were conducted 
over any definite increase in pres- 
sure drop across the filter, they in- 
dicate that continuous tests can be 
used to determine the life and ar- 
restance of air filters by the discol- 
oration method. However, the 
determination of the dust holding 
capacity by such a test would not be 
possible. 


Correlation of Filtering Theory 
with Test Results 


It is apparent from these test re- 
sults that the three methods of rat- 
ing filters (weight, discoloration, 
and particle count) are not compar- 
able and each method measures a 
somewhat different characteristic of 
the filter. The particle count method 
of rating air filters does not distin- 
guish between large and small par- 
ticles but gives equal emphasis to 
both. The emphasis given to dif- 
ferent sizes of particles by the 
weight method is in direct relation 
to the cube of the diameter of the 
particle as long as the density re- 
mains constant. For the discolora- 
tion method there is probably no 
simple relationship between relative 
effect and size of particle, but it 
would appear that the projected sur- 
face area would be one of the domi- 
nating factors. Thus, in this case, 
the relative effect would be at least 
partially in relation to the square of 
the diameter of the particle. If these 
relationships are true, when tested 
by the weight method a 10 » (mi- 
cron) particle has 1,000 times as 
much effect on the ultimate rating 
as a l m» particle, and when tested 
by discoloration the relationship is 
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Fig. 9—Comparison of weight, parti-|. 
count and discoloration arrestances {, 
Filter D with various test dusts 


100 to 1. When rated by the ; 
ticle count method both the 10 
1 mw particles have equal effect. 

If air filters were capable of eli 
nating both large and small < 
particles with equal ease ther 
would be little difference betwee 
the ratings obtained by the differen: 
methods. However, that such is : 
the case is indicated by Fig. 13 
which shows the relationship lx 
tween size of dust particle and filte: 
ing arrestance for three different {i 
ters. These results were obtained 
by the weight method of testing, 
using a test dust consisting of Poca 
hontas ash, separated into different 
size fractions by means of a Federal 
Pneumatic Air Classifying Unit, th 
actual particle size being determined 
by microscopic examination. In 
these curves arrestance has bee: 
plotted against diameter in micron 
of dust particle with average volun 
since this statistical diameter is als: 
the measure of the dust particle wit! 
average weight if the density r 
mains constant. These curves indi 
cate a definite dropping off 
arrestance for the smaller sizes o! 
particles for both Filters B and C 
Filter D, which incorporated cotto 
fiber filtering media, showed no : 
ticeable reduction in arrestanc: 
within the dust size fractions used 
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Fig. 10—Comparison of weight and ‘i~ 
coloration performance curves for Filter / 













Actually the discoloration arrest 
ance will be dependent principally 
upon the projected area only when 
transmitted light and opaque dust 
particles are used. Under actual 
operating conditions such factors 
as the opacity of the dust particles 
in the case of transmitted light and 
the relative reflectivity of dust par- 
ticles in relation to that of the filter 


these tests, but very possibly 
ere would have been a lowering of 
arrestance if it had been possible to 
extend the test down to ash par- 
ticles of finer size. 
\ir-borne dusts are apparently 
nstituted principally of particles 
small size. We may therefore 
assume a hypothetical case in which 
filter is 90 per cent efficient on 
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units, while the weight arrestance 
remained substantially constant 
This test clearly indicates the inde 
pendence of the weight method and 
the dependence of the discoloration 
method upon the elimination of the 
small particles contained in the dust 
suspension. 

The results of all tests indicated 
that filters based upon mechanical 
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particles of 10 » diameter and 10 
per cent efficient on particles of 1 » 
diameter, and the test dust to which 
the filter is subjected consists of 99 
per cent by number of 1 » particles 
and 1 per cent of 10 « particles. If 
the filtering arrestances are then 
calculated by the weight, particle 
count, and discoloration methods of 
test applying the assumptions pre- 
viously discussed it is found that 
the count arrestance is 11 per cent, 
the discoloration arrestance 50 per 
cent, and the weight arrestance 83 
per cent. This coincides in general 
magnitude with the actual test re- 
sults previously reported with the 
exception that the discoloration ar- 
restance calculated here is higher. 


DIAMETER iN MICRONS OF DUST PARTICLE WITH AVERAGE VOLUME 


Fig. 13—Effect of dust particle size on weight arrestance for Filters B, C and D 


paper in the case of reflected light 
will be equally as important as the 
projected areas. 

In order to determine how high 
a transmitted light discoloration ar- 
restance could be obtained when 
using filters based upon mechanical 
principles of operation, a special fil 
ter was constructed and tested. This 
filter consisted of a Filter B of stock 
construction tandem 
with fourteen layers of oiled cheese 
cloth supported on a wood frame. 
When tested with 200-mesh Poca- 
hontas ash the arrestance of this 
combination by the transmitted light 
discoloration test was 68 per cent. 
This same filter combination when 
tested by the weight method on the 
same test dust had an arrestance of 
approximately 94 per cent. When 
the 14 layers of cheese cloth were 
removed from the back of the filter 
and the weight and discoloration 
arrestances re-run, the weight ar- 
restance was still 92 per cent, 
whereas the discoloration arrestance 
dropped to 36 per cent. Thus the 
addition of the cheese cloth screen 
in tandem operation with this filter 
raised the transmitted light discol- 
oration arrestance 32 percentage 


operated in 
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separation of the dust trom the ait 
removed the large dust particles 
much more easily than the small 
ones. In order to verify further this 
selective filtering action samples of 
normal air and of air discharged 
from filters were obtained in settling 
chambers and the dust allowed to 
settle onto glass slides for a period 
of 24 hours. These slides were then 
subjected to microscopic examina 
tion and the diameters of from 300 
to 500 particles per sample recorded 
From these data, assuming spher 
ical particles, the average diameter, 
the diameter of the particle with the 
average surface area, and the diam 
eter of the particle with the average 
determined. These 
diameters calcu 


volume 
statistical 
lated by use of the following Equa 
tions (8). (9) and (10): 

3S (FD) 
Average diameter (8) 
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Diameter of particle with average surface 
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F = dust particle group frequency. 

D = average diameter of group limit. 
The results of these tests are re- 
corded in Table 2 for air discharged 
from Filters B, C, and D, and for 
two samples of unfiltered room air. 

These results indicate a definite 
preferential filtering of the air for 
all three filters. The diameter of 
the particle with average volume 
was reduced from approximately 
17 » to 9.6 p» for Filter D, 10.9 p 
for Filter B, and 11.0 » for Filter C. 
There were corresponding reduc- 
tions in the average diameters and 
in the average surface area diam- 
eters. 

The particle count arrestances 
(Table 1) and the particle size dis- 
tribution data (Table 2) may be used 
to calculate weight arrestances as a 
check on the actual weight arrest- 
ance test values. For example, the 
volume of particle with average vol- 
ume upstream of Filter B is then 
2716 cu microns and downstream is 
676 cu microns. As the dust counter 
particle arrestance was 16 per cent 
the calculated weight arrestance is 
then, 


\rrestance 


2716 — 676 (1 0.16) 
BODE eceimesininenteetcition 
2716 


79 per cent 





Table 3 shows a comparison of the 
calculated weight arrestances with 
actual test weight arrestance values. 
The actual test values recorded for 
weight arrestance were for the first 
hour of test using an 80-20 dust 
mixture. This initial arrestance was 
chosen because the dust size distri- 
bution data were also determined on 
unloaded filters. It should be noted 
that the calculated weight arrest- 
ances are all based upon data deter- 
mined using normal suspensions of 
dust in room air and that the actual 
weight arrestance values were de- 
termined with an artificial dust mix- 
ture. However, previous tests’ 
have shown that weight arrestances 
made on normal air-borne dust 
check quite closely with those for 
this artificial mixture. 

The reasonably close check for all 
three filters of the calculated weight 
arrestance and the actual test weight 
arrestance values along with the 
data showing the reduction in size 
of the average particle upon passage 
through the filters verify the evi- 
dence previously presented as to the 
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Table 2—Comparison of Size of Dust Particles on Entering and Discharge Side. 





SOURCE OF AVERAGE 
Dust SAMPLE DIAMETER, | SURFACE 
Microns | AREA, 
MIcRONS 
Laboratory Air 7.2 11.3 
Laboratory Air 96 13.8 
Air Downstream from 
Filter B 3.5 j 68 
Air Downstream from 
Filter C 47 7.6 
Air Downstream from 
Filter D 38 6.6 





selective filtering of mechanical fil- 
ters. 

The following conclusions may be 
drawn from these investigations: 


1, Tests conducted by the weight 
method using Pocahontas ash of different 
particle size fractions indicate a definite 
preferential filtering of the larger par- 
ticles over the smaller ones. 

2. Theoretically the emphasis given to 
different sizes of particles by the weight 
method varies as the cube of the diameter, 
whereas the particle count method gives 
equal emphasis to all sizes. The effect of 
particle size upon discoloration arrestance 
probably varies as the square of the diam- 
eter, although undoubtedly other factors 
are of equal importance in this case. 

3. Tests made using 200-mesh Poca- 
hontas ash on a stock filter with and 
without a series of fourteen oiled cheese 
cloth screens in tandem showed no ap- 
preciable differences in the weight arrest- 
ances, but a difference of 32 percentage 
units in the transmitted light arrestances. 
This indicates the independence of the 
weight test results and the dependence 
of the discoloration test results upon the 
small particles when the test dust is com- 
posed of both large and small particles. 

4. Tests made to determine the effect 
on average particle size of dust suspen- 
sions subjected to air filtration showed a 
marked decrease in the average particle 
diameter, the diameter of the particle 
with average surface area and the diam- 
eter of the particle with average volume. 
These data, together with the particle 
count arrestances, were used to calculate 
weight arrestances. These calculated ar- 
restances checked reasonably well with 
the actual weight arrestance test values. 
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Typical Air Filters 


Per Cent PARTICLES By 
NUMBER SMALLER THAN 
PARTICLE 
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Relative Merits of the Thre. 
Filter Test Methods 


From the standpoint of a pr: 
tical test to be used in the rating 
air filters each of the three metho 
discussed has certain inherent 
vantages and disadvantages. ‘| 
more important of these may 
summarized as follows: 


H eight Method 


The weight or crucible method 
rating air filters has the advantages 
of high accuracy (estimated that 
results can be reproduced approxi 
mately within +1 per cent) and 
readily allows determinations to be 
made of filter life and dust holding 
capacity as well as arrestance. Fur 
thermore, the performance chara 
teristics can be determined when tl 
filter is subjected to lint as well as 
dust. However, the weight method 
measures the ability of the filter t 
remove principally the large dust 
particles from the air. The smaller 
particles, which play a prominent 
part in arrestance determinations 
based on particle count and disco! 
oration, have little effect on weight 
arrestances. 


Particle Count Method 


This filter test method in its pres 
ent state of perfection requires to 
long a time to make a determination 
which can be considered statisticall) 
reliable. However, there is consid 


Table 3—Comparison of Calculated and Test Weight Arrestances 


Vor. Ave Particie | Voi. AvG PARTICLE 
PILTER ENTERING Fitter, | Leavinc Fiver, 


Cu Microns Cu Microns 


k 2716 676 
Cc 2716 684 
dD 2716 505 
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Actuat Test ARRESTANCE . 
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Par Cent WEIGHT 
ARRESTAN( 
Count Weicut Per CEN 
16 8 79 
7 72 76 
22 4 86 
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erable evidence that arrestances 
hased on particle count are better 
measures of the degree to which 
dust dangerous to human health is 
eliminated. Such an arrestance de- 
termination is not necessarily a 
measure of the elimination of 
nuisance dust, and the type and 
concentrations of dust normally ex- 
perienced in other than industrial 
structures are probably not harmful. 
Therefore, it would appear that the 
most practical application of this 
test method would be its develop- 
ment to determine the degree to 
which dangerous dust concentra- 
tions are actually reduced in filter- 
ing installations. 


Discoloration Method 


Both the transmitted and reflected 
light discoloration test methods have 
a reasonably good accuracy (esti- 
mated at +3 per cent). Although 
these test methods have not in the 
past been conducted in conjunction 
with determinations of filter life, 
there is no reason why this perform- 
ance characteristic cannot be deter- 
mined as indicated earlier. However, 
it would probably be impossible to 
devise a lint test which could be 
used in conjunction with this 
method of determining arrestance. 

This method is advanced as a 
means of determining the arrestance 
based on the reduction of discolora- 
tion or soiling power of the air-dust 
mixture and therefore probably best 
measures ‘this property when re- 
flected instead of transmitted light 
is used. Furthermore, when re- 
flected light arrestance determina- 
tions are made it is not necessary 
to match the unused blank filter 
papers as is the case with the trans- 
mitted light determinations, and the 
elimination of this procedure reduces 
appreciably the testing time. The 
amount of light reflected from the 
surface of the blank filter papers is 
practically constant, whereas the 
amount of light transmitted through 
these same papers usually varies 
considerably. Actually, both the re- 
flected and transmitted light meth- 
ods measure the reduction and dis- 
coloration only in relation to the 
test dust being used, and the arrest- 
ances vary greatly for the same 
filters with different test dusts. 

For other than applications de- 
signed to eliminate dusts dangerous 
to health it would appear that the 





best filter arrestance or efficiency 
measure would be that which most 
accurately measured the percentage 
of nuisance dust eliminated. The 
question remains, however, as to 
whether the best measure of nui- 
sance dust is the relative ability of 
the dust to discolor white surfaces 
or the weight of the large dust par- 
ticles which are visible to the human 
eye. The photo-electric cell method 
is probably the best measure of the 
reduction in discoloration, while the 
crucible or weight method is the 
best measure of the reduction of the 
larger visible dust particles. 








Prof. F. B. Rowley 


Minneapolis, Minn. 


PROFESSOR ROWLEY HEADS 
DEPARTMENT OF MECHAN. 
ICAL ENGINEERING 


The University of Minnesota re- 
cently announced the appointment 
of Frank B. Rowley as Head of the 
Department of Mechanical Engi- 
neering and Director of the En- 
gineering Experiment Station. Pro 
fessor Rowley has been a member of 
the University faculty since 1907 
when he became an instructor in en 
gineering. 

Joining the Society in 1918 Pro- 
fessor Rowley has served as its Pres- 
ident in 1932, as a member of the 
Council from 1927 to 1933, as Chair 
man of the Committee on Research 
in 1929, Chairman of the Publication 
Committee in 1927, and also as Pres- 
ident of the Minnesota Chapter in 
1922. Since 1919 he has served on 
innumerable technical committees 
and was instrumental in producing 
the Society’s Standards on Testing 
of Air Cleaning Devices and the 
Code for Determining Heat Trans 
mission through Building Walls. 
He is the author of many papers 1n 
the Society's TRANSACTIONS and 
has contributed many scientific arti- 
cles to engineering publications. 
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DEVELOPMENT OF MOTORS 
TRACED AT PITTSBURGH 


February 10, 1941. Pres. E. C. 
Smyers called the February meeting 
to order in the Marine Room of the 
Hotel Roosevelt, and the minutes 
of the January meeting were read 
and approved as read. 

Various reports, 
treasurer's and membership com 
mittee’s, were accepted, and a reso 
lution was read by the secretary to 
amend Section 2 of the By-Laws of 
the Pittsburgh Chapter as follows: 

One regular meeting shall be held 


including the 


during each of the following months 
January, February, March, April, May, 
September, October, November and De 
cember. The regular date for these meet 
ings shall be the second Monday of th 
month; except that the date may be 
changed by action of the Board of Gov 
ernors whenever it deems such change t 
be for the best interests of the chapter 
The May meeting is designated as the 
annual meeting, at which the election « 
othcers and similar yearly business will 
he conducted 

It was further resolved that Sec- 
tion 5 of the By-Laws of the Pitts 
burgh Chapter be 
fe lows 


amended as 


The President shall appoint a nominat 
ing committee of three members at least 
sixty days before the annual meeting 
Said committee shall select a list of can 
didates for the various offices, which list 
shall be presented to the chapter at the 
April meeting. Nominations may also 
be made from the floor at either the 
\pril or May meeting 

It was further resolved that these 
amendments shall take effect at 
once, and that the next annual meet 
ing of the Pittsburgh Chapter shall 
be held in May, 1941, and the mo 
tions were moved by A. F. Nass 
and seconded by R. J. J. Tennant 

The guest speaker was R. W. 
Monroe, application engineer for 
Westinghouse Electric and Mfg 
Co., who spoke on electric motors 
and control. Mr. Monroe traced 
briefly the development of motors 
and then discussed the characteris 
tics of the various types with par 
ticular emphasis on their application 
to heating and ventilating equip 
ment, and illustrated his talk with 
A large number of questions 
indicated the great interest in the 
The meeting, which was 


slides. 


subject. 
attended by 35 members and guests, 
adjourned at 10:15 p.m. 


to 
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Pittsburgh Experiment Station of the U. S. 


Bureau of Mines where the Research 
Laboratory of the American Society orf Heatinc aNp VENTILATING ENGINEERS is located 


Heat Gain Through Western Windows 
With and Without Shading 


EAT gain through windows 

as a result of solar radia- 

tion is recognized as an 
important factor in summer cooling 
and air conditioning. The magni- 
tude of this cooling load for un- 
shaded and shaded windows, with 
different sun-arresting appurten- 
ances, was reported! by the Labora- 
tory for southern windows in 1934. 
The increasing interest in heat gain 
through various types of windows, 
including glass block, led to the 
building of two new cubicles or 
calorimeters on the roof of the U. S. 
Bureau of Mines Warehouse Build- 
ing, Pittsburgh, in 1939. This new 
equipment was built on a turntable 
so that it could be made to face 
any horizontal direction, making it 
possible to study east and west win- 
dows. 


*Director, ASHVE Research Laboratory. 
Memper of ASHVE. 

**Research Engineer, ASHVE Research Lab- 
oratory. Junior Memser of ASHVE. 

1 Studies of Solar Radiation Through Bare 
and Shaded Windows, by F. C. Houghten, Carl 
Gutberlet and J. Blackshaw. (ASHVE 
Transactions, Vol. 40, 1984, p. 101). 

* ASHVE Technical Advisory Committee on 
Air Conditioning Requirements of Glass: M. L. 
Carr, Chairman; C . Ashley, L. T. Avery, 
F. L. Bishop, W. A. Danielson, H. C. Dickin- 
son, J. D. Edwards, J. E. Frazier, S. O. Hall, 
E. H. Hobbie. C. L. Kribs, Jr., Axel Marin, 
R. A. Miller, F. W. Parkinson, J. H. Plummer, 
W. C. Randall, L. T. Sherwood, J. T. Staples, 
G. B. Watkins, F. C. Weinert. 

Presented at the 47th Annual Meeting 
of the American Society or HEATING AND 
VenTiILaTING Encineers, Kansas City, Mo., 
January, 1941. 
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F. C. Houghten* and David Shore** 


Pittsburgh, Pa. 


The Technical Advisory Com- 
mittee on Air Conditioning Re- 
quirements of Glass? provided a 
budget for the present study, the 
plans for which included the win- 
dow and window shading arrange- 
ments listed in Table 1. The 
weather conditions during the past 
summer greatly limited the num- 
ber of satisfactory tests which could 
be made. Nevertheless it is believed 
that the findings are of sufficient 
practical value to warrant their pub- 
lication in this preliminary report 
pending a continuation of the in- 
vestigation next year. 

The two cubicles made it possible 
to simultaneously test and compare 
two window arrangements. The col- 
lection and analyses of the data were 
so arranged as to give the hourly 
total heat gain rate for the window, 
that gained as a result of radiation, 
and that gained by air to air trans- 
mission, as well as the percentage 
which the radiation gain was of the 
incident solar radiation on the out- 
side of the glass. The comparative 
tests of two windows on single days 
permit a very close comparison, 
while the percentage which the so- 
lar radiation gain on any day was 
of the incident radiation allows a 
less accurate, though satisfactory, 
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comparison of any of the arrang: 
ments tested. 

The shading devices included 
typical green canvas awning © 
tending 4% in. on each side and 
within 2 ft x 7 in. of the bott 
of the window. At its lowest p 
it extended out horizontally a 
tance of 3 ft and was ventilate 
the edges to allow the escape 
trapped warm air. A typical dar 
green, cloth roller shade, 4 ft x 3 
wide and opaque to anv visib! 
light radiation, was placed on 
window frame so that the plan 
the drawn shade was 1% in. f 
the glass. The inside  veneti 
blinds, completely covering the wi 
dow opening, had bright aluminu 
curved slats, 2 in. in width, sp 
15g in. apart, and so placed 
their main axes formed an ang 
45 deg with the horizontal 
outside venetian blind was of cr 
painted metal slats and adjust 
both as regards the angle o! 
slats and the slope of the blind : 
from the window ; that is, its bot! 
could be extended away from 
window as an awning. The sh: 
screen was similar to a vene! 
blind, having very small slats, 
designed to serve both the pur 
of a fly screen and sun arreste' 


194] 

















Table 1—Window Arrangements Studied 








ConpbiITION TESTED 





Unshaded single light window 
Unshaded single light window 





Unshaded single light window 


Completely shade 


single light window 








ACTUAL 
ER} 
_ | Date | DIRECTION | Room GLass 
EST | Pacep | NumpBer/| AREA 
Se Fr 
oc 7/25 West la | 24 
| West 2 | 24 
5 | a/3l | West 1 | 2 
West 2 24 
7 | 82 | West 1 | 24 
West 2 24 
; | gt | South | 1 | 21.8 
South 2 24 
7 | 8/17 West 1 | 24 
| West 2 24 
7 | 9/18 West 1 24 
West 2 24 
0 | 9/00 | Wet | 1 | 
| West | 2 24 
47 9/28 West l | 21.8 
West 2 | 21.1 
10/4 | West 24 
0 West 2 24 


Room 1—South side with window facing west 


Room 2 


North side with window facing west 


had dark colored metal slats 0.050 
in. wide, spaced 0.063 in. apart, and 
placed at an angle of 17 deg with 
the horizontal. 

A photograph of the cubicles 
with a venetian blind on a western 
exposed, plain, single light, double- 
glazed window and a single light, 
double-glazed window shaded by an 
awning with heat absorbing glass on 
the outside and plain glass on the 
inside is shown in Fig. 1. A plan 
ef the cubicles showing the arrange- 
went of the test equipment is given 
in Fig. 2. 


Test Procedure 


The test procedure, the data col- 
lected, and the analyses of the same 
in order to arrive at the heat gain 
through the glass by radiation and 
by transmittance were in most in- 
stances the same as in last year’s 
study of heat gain through glass 
blocks,? the report of which cites 
these arrangements in greater de- 
tail than will be reported here. The 
cubicles were cooled by ice melting 
unit coolers. Ice meltage collected 
at 20 min intervals gave a measure 
of the total heat extracted in order 
‘to maintain the desired temperature 
level in the cubicle, usually 78 F. In 
all of the tests calibrated heat me- 
ters made it possible to determine 


* Heat Gain Through Glass Blocks by Solar 
Radiation and Transmittance, by F. C. Hough- 
ten, David Shore, H. T. Olson, and Burt Gunst. 
‘ASHVE Journat Section, Heating, Piping 
anc Air Conditioning, April, 1940, p. 264). 








Window shaded on outside with awning 


Window shaded on outside with venetian blind 








Unshaded twelve light wood sash window 
Unshaded one light wood sash window 


Window shaded on outside by ‘ 


Window shaded on outside by 





‘shading screen 
on the inside by venetian blind 
“shading screen" 


Window shaded with venetian blind on the insic« 
Window shaded with half-drawn roller shade insid« 





Unshaded single light window of heat absorbing glas 
Unshaded single hght window of plain % in. sheet 





glass 








Unshaded twelve light wood sash window 


Unshaded twelve light steel sash window 


Double glazed window—single light both outside 


Double glazed window—single light, 








inside plain % in. sheet glass 
outsacte la 


heat absorbing, inside plain % in. sheet glass 


the heat gain through the ceilings, 


floors, and walls other than the 
glass. Infiltration tests gave the 


magnitude of the heat gain by this 


avenue. The difference between the 


heat extracted and that gained 
through avenues other than the 
glass gave the total heat gain 


through the window. Calculations 
using the inside and outside air 
temperatures at a distance of 6 in. 
from the glass and the transmit- 
tance coefficient gave the heat gain 
through the windows resulting from 
the higher air temperature outside. 

By difference the heat gain 
through the glass, resulting from 
radiation impinging on the outside, 
was determined. 
While it is rec- 
ognized that 
this method of- 
fered a_ limita- 
tion in accuracy 
of the 
errors 


because 
fact that 
due to the calcu- 


lations of heat 
gain by trans- 
mission and 
those resulting 
from the meas- 
urement of to- 
tal heat gain 


through the 


used be 


cause it offered the only possibility 


nevertheless 


method was 


of determining the total effect whi 
radiation 
lf radiation had 


had on heat gain to the 
room. been mea 
ured by a pyrheliometer on thi 
side of the room it naturally would 


not have included the heat 


gain re 
sulting from radiation but entering 
by conduction through the inside 


; 


suriace aiter being absorbed by thi 
In no case was the resulting 


glass. ly’ 


heat gain from the inside-outside ai 


temperature difference large, and, 


therefore, errors in the radiation 


values given, resulting from the dit 
ference, should not be 
It should be noted that not 


gain charged to radiatior 


significant 

all 
the heat 
necessarily passed through the in 
glass as radia 


side surtace of the 


resulting 


tion, for some of the heat 


from absorption of radiation in the 


itself naturally entered the 


glass 
room by conduction through the 
side surface of the glass. This gain, 
however, all resulted directly or in 
directly from the radiation imping 
ing against the outside. 

An Eppley 
the total solar and sky radiation im 
pinging 
window. 


pyrheliometer 


oO ‘ 
va 


against the plane of the 
Thermocouples gave the 
outside air temperature 6 in. away 
the 


glass surface temperatures, and th 


outside-inside 


from the glass, 
inside air temperature. Air velocity 
was observed by a cup anemometer 
whose rotations were indicated and 
read from a mechanical counter at 
one-half hour intervals 


1 


In conducting a test, the coolers 


were charged with ice early in the 





Test house equipped with an outside venetian blind and 


an awning 


C—Pyrheliometer giving sun intensity on south wall 


window were Fig. 1 
thereby com- 

° A A—Canvas shading screen 
bined in the ra- B—Cup anemometer 
diation gain, this D 
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Pyrheliometer giving sun intensity 


perpendicular to : 















































inorning and the rooms were closed. 
The desired inside temperature was 
maintained by manually adjusting 
the ice cooling rate to a value a lit- 
ue greater than that required and 
then adding a small amount of ther- 
mostatically controlled electrical 
heat. Constant conditions were 
maintained for a suthcient length of 
tume before the collection of heat 
gain data to insure uniform tem- 
perature conditions. In all tests, 
whether for a southern or a western 
exposure, the data were collected 
irom early morning, thus obtaining 
a measure of the effect of sky radia- 
tion until the sun began to strike the 
glass itself. These tests were con- 
tinued for a time after sundown un- 
til the heat ceased or became negli- 
gible. 


Test Results 


The results of a single test on 
August 17 on one western exposed 
window equipped with shading 
screen are given in Table 2, Similar 
results of the one most satisfactory 
day for each of the thirteen condi- 
tions listed in Table 1 are plotted in 
Figs. 3 to 9, giving the actual solar 
radiation intensity impinging 
against the outside of the window in 
Btu per square foot per hour, the 
total heat gain charged to each 
square foot of the glass, the calcu- 
lated air to air transmission through 
the glass, and the heat gain through 
the inside surface of the glass re- 
sulting from radiation impinging 
against the outside. In some cases 
it was found desirable to omit either 
the total heat gain or the transmis- 
sion gain curves in order to avoid 
confusion. The fact that the radiant 
gain is equal to the total gain by 
radiation and transmission, less the 






















Table 2—Test Data August 17 West Window with Outside Shading Screen. 


Plain 3/16 in. Sheet Glass and Wood Sash 











SOLAR Heat Gain TaHroucs Grass 
INTENSITY ON 
WInpow Out- | INSIDE Rabia- DEsicn 

Sun | Bru/SqFr/Hr | siwe | Giass Os- Catcu- | Rapia- | TION | ———————_ 
we 8 te, AIR TeMP. | SERVED | LATED TION | IN PER , | Ra 
Temp F Rap. | AIR To BY Cent |Rapia- | TRANs- TI 
Os- | Desicn F AND Am Dirrer-| SoLaR TIon |MISSION| ,. 
SERVED | AuG. 1 Trans- | TrRans-| ENCE | INTEN- | Auc. 1 [95 Dec-| +, | 
MISSION | MISSION SITY Day | At 
9-10 21.7 22 78.8 82.0 2.1 0.8 1.3 6.0 1.3 3.0 | j 
10-11 26.7 24 80.3 84.0 4.5 2.3 2.2 8.2 2.0 6.2 | s 
11-12 35.5 25 83.1 86.0 9.0 5.1 3.9 11.0 2.7 98 1 
12-1 60.4 60 85.2 88.0 14.6 7.2 7.4 12.2 7.3 13.0 0) 
1-2 78.3 123 85.4 87 .6 19.2 7.4 11.8 15.0 18.5 15.5 $4 
2-3 3 180 84.1 88.3 21.4 6.1 15.3 18.2 32.8 18.0 0 
$A 114.2 206 83.5 90.8 32.4 5.5 26.9 23.5 48.4 18.0 66 
4-5 157 .2 186 83 .7 90.5 55.3 5.7 49.6 31.5 58 .6 17.5 Tt 
5-6 91.1 120 82.6 86.0 44.0 4.6 39.4 43.3 52.0 15.0 67 
6-7 9.1 40 80.3 80.4 8.6 2.3 6.3 69 2 27.7 12.2 tt) 
7-8 0 1.5) 74.7 76.8 | —3.3 —3 .3 0 0 0 9.5 ) 









































transmission gain, makes it possi- 
ble to determine the magnitude of 
one in terms of the other two. 

For comparison the design solar 
radiation intensity which would im- 
pinge against the outside of the win- 
dow and the resulting radiation gain 
through the window based on the 
percentage relationship of actual 
radiation against the outside of the 
window and the radiation gain 
through the glass are given. In the 
top of the figures are also given the 
outside glass surface temperature, 
the design outside air temperature 
curve for a 95 F day, and in most 
cases the inside air temperature. 
The percentages which the radiation 
gains were of the total radiation in- 
tensities impinging against the out- 
side of the windows are also given. 

The testing program was started 
early in July and continued until 
completed on October 4. Tests on a 
given set-up were started every 
morning which gave promise of sat- 
isfactory weather conditions and 
were continued throughout the day 
unless the weather became unsatis- 
factory. This program was con- 
tinued on each window until at least 
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Fig. 2—Test set-up for determining solar radiation through windows 


one test run of a full day in len, 
was obtained. The very unsatisia 
tory weather with the small pe: 
centage of clear, sunny days 
counts for the extended length 
the program and for the acceptance: 
of certain tests on days when 
solar radiation was not very nea 
design conditions. | 


Discussion of Results 


Considerable importance is at 
tached to the design solar radiation 
and the design radiation and trans 
mission gain through the windows 
The term design is used in accor 
ance with its usage by heating 
ventilating, and air conditioning e1 
gineers in estimating values 1 
quired in design and is construed as 
the outside solar radiation intensity 
on a summer day for which an en 
gineer would design a cooling load 
It naturally should not include tl 
most severe day affecting the cool 
ing capacity of the plant ever re 
corded, for this would require an 
excessively large cooling 
but on the other hand it should be 
high enough so that a cooling plant 
calculated to have sufficient capac 
ity for this assumed condition would 
adequately take care of all but a 
very few of the most severe days 
Similarly, the term design radiation 
implies the radiation which woul 
come into an occupied space on 
day when the solar radiation inten 
sity was that accepted for design 
purposes; and design transmissio! 
gain is the heat gain by transmis 
sion, unaffected by radiation, on 4 
day when the inside temperatur: 
was at the point required for co 
fort on a design temperature <a) 
It will be observed that, while th 
highest outside air temperature 


system 
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Fig. Solar radiation heat gain relationships 
Two, west, unshaded, single-light, single-glazed windows—July 25 
One, west, unshaded, single-light, single-glazed window—July 31 
One, west, completely shaded, single-light, single-glazed window-—July 31 
One, south, unshaded, single-light, single-glazed window—-August 11 





shade ever recorded for Pitts- to occur on two or three days dur given time of test. Design air to 
burgh was about 104 F, cooling de- ing any summer. Design radiation air transmission through the glass 


sign in Pittsburgh is usually based 
upon a day when the maximum 
reaches 95 F, 

Design solar radiation intensity 
for August 1 was obtained by an an- 
alysis of weather bureau data in an 
earlier Laboratory report* and rep- 
resents a fairly high solar radiation 
intensity such as may be expected 


: Cit. Note 3. 


Heatine, 


gain is the gain which would have 
occurred on any given day for any 
window condition if the radiation 
intensity had been equal to the de- 
sign solar radiation August 1. 
This was obtained by applying the 
same percentage to the design solar 
radiation as the observed radiation 


on 


gain through the window was of 


the actual solar radiation for the 


Pipinc anp Am Conprriontnc, Apri, 1941 


is based upon the temperature main 
tained indoors and the outside 
temperature cycle expected to occur 
on a day the maximum ait 
temperature reached 95 F. This 
transmission gain is applied to the 
design curves for August 1, but ob 
viously the same transmission gain 
would occur on any 95 F day. 
The preliminary tests of the 


all 


when 


two 
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Fig. 4—Solar radiation heat gain relationships for west exposed windows 
(one shaded with an outside awning, and one shaded with an outside 


identical, unshaded windows in the 
two cubicles on July 25 were for 
the purpose of checking the similar- 
ity of results from the two cubicles. 
It will be noted from the curves in 
Fig. 3 that the comparison is very 
satisfactory. The comparison of the 
curves in this figure for an un- 
shaded, west window on July 25 
and for an unshaded, south window 
on August 11, serves to show the 
relation between the magnitude and 
the time of maximum heat gain 
through the western and southern 


exposed windows. This relation 
seems to verify the claims of design- 
ing and operating engineers that 


| worse conditions are frequently had 
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venetian blind) 


for a western than for a southern 
window. 

The characteristics of the curves 
for the percentages which the radi- 
ant gains were of the total imping- 
ing radiation intensities against the 
outside of the window are of inter- 
The high values of the per- 
centage rates, which occasionally 
became as high as 100 per cent, are 
accounted for by two facts. First, 
the accumulation of heat within the 
glass due to the absorption of radia- 
tion and the resulting rise in tem- 
perature is finally given up, partly 
to the inside, at a time when the 
solar radiation reached a low value 
or had ceased entirely. Second, the 


est. 
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fact that the intensity of the sol 
radiation impinging against the out 
side of the glass became low du 
to the small angle of impingement 
or low solar intensity, when a rr 
tively small and frequently uni 
portant heat gain became a hig 
percentage. It is obvious that ! 
such conditions the accuracy of | 
percentage curves is low. However, 
on these occasions the total ! 
gain is low and therefore the pet 
centage is not important. 

By shading the window complet 
shading effect was had, so as to en 
tirely eliminate solar radiation 1™ 
pingement thereon and was 0b 
tained by arranging two thicknesses 
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Fig. 5—Solar radiation heat gain relationships for west exposed windows 


(one shaded with shading screen on outside and a venetian blind on inside; 


of canvas, outward and 
downward before the window, so 
that the one nearest the window 
made an angle of approximately 10 
deg with the vertical and the one 
farthest away twice this amount. It 
will be noted in Fig. 3 that the heat 


sloping 


one with shading screen on outside) 


gain charged to radiation through 
the completely shaded window was 
negligible. The results for the un- 
shaded and completely shaded win 
dows serve to give two reference 
points for comparison with the 
commercially win- 


other shaded 


Heatine, Prernc anp Arr Conprriontne, Aprit, 1941] 


that the 


dows. These curves show 
unshaded window admitted a litth 
under 90 per cent of the radiation 
impinging against the outside when 
the solar radiation was a maximum, 
while the completely shaded win 
dow admitted only 2 per cent 
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Fig. 6—Solar radiation heat gain relationships with west exposed windows 
(one shaded with venetian blind on the inside; the other shaded with a 


The radiation gains through the 
shading screen with inside venetian 
blind on August 17, show increased 
gains in the afternoon, while the 
curve indicates that the sun did not 
shine through between the slats un- 
til about 4:20 p. m. Computation 
shows that this change should have 
occurred at about 3:40 p. m., indi- 
cating a 40 min lag. 
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half drawn roller shade on inside) 


Design data for heat gain through 
the different windows by radiation 
as plotted in the figures are given in 
Table 3. The first and last columns 
give the design solar radiation im- 
pinging on western exposed and 
southern exposed windows, respec- 
tively, for August 1. The design 
heat gain charged to radiation is 
expressed both in percentage of the 


design solar radiation intensity 
the outside of the window, and 
Btu per square foot per hour to! 
each of the windows studied. Thes« 
values are not always based upo! 
the single tests plotted in Figs. 3 ' 
9 but represent rather the averag' 
of these tests and others. Henc 
while these values will not always 
agree exactly with the curves, th 
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Fig. 7—Solar radiation heat gain relationships for west exposed windows, 
unshaded (one a 12-light, wood sash, and the other a 12-light, steel sash 


are given as representing more 
nearly the true averages of what 
might be expected. 

The total heat gain and that 
charged to radiation for the metal 
and wood sash windows on Septem- 
ber 28, Fig. 7 and Table 3, shows 
slightly higher values for the metal 
sash. These values were based upon 
the superficial glass area, including 
the area of the muntin bars. Since 


window) 


the muntin bar area on the metal 
frame window was somewhat less 
than that for the wood frame, this 
penalized the metal window. When 
corrected for this difference the ra- 
diation heat gain indicated as 64.0 
and 69.0 Btu per square foot per 
hour for the wood and metal sash 
at 2:30 p. m. in Fig. 7 become sub- 
stantially the same when based upon 
the net free glass area. 
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Che design air to air transmission 
for a 95 F day is given in the table 
for a single-glazed window. These 
values may be added to the design 
heat gain due to radiation to give 
the total heat gain through any 
single-glazed window. If the total 
heat gain through double-glazed 
windows is desired, it may be ob 
tained by adding the design gain 
charged to radiation and the design 
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Fig. 8—Solar radiation heat gain relationships for west, un- 
shaded, single-light, single-glazed, plain and heat absorbing glass 


transmission gain from the third 
column multiplied by 0.6. 

While the result of this study 
adds considerably to the knowledge 
of heat gain through western win- 
dows, the few days’ during the past 
summer when the solar radiation 
even approached design conditions 
serve to emphasize that the results 
should be accepted with some reser- 
vation and that further study of 
some of the window arrangements is 
desirable. This is particularly true 
of the results for August 17, Sep- 
tember 18, shown in Figs. 5 and 6, 
when the observed solar radiation 
deviated considerably from design 
conditions. 

The results for western exposures 
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Fig. 9—Solar radiation heat gain relationships for west, 
unshaded, double-glazed windows (one glazed with plain 


glass both sides; the other glazed with plain glass on 
inside and heat absorbing glass on the outside) 


before about 11 a. m., and following 
approximately one-half hour before 
sunset, are at times confusing, be- 
cause of the small magnitude of the 
effects observed and the probable 
error in their measurement. This is 
particularly true for the percentage 
values given. It is believed, how- 
ever, that the results even for these 
periods serve some useful purpose 
as indications of probable values 
and trends. It should be empha- 
sized, however, that the data for 
these periods are of no great value 
for design purposes and should be 
considered of academic, rather than 
practical value. 

The curves frequently serve to 
emphasize the lag between the rate 


of the solar radiation effect on th 
outside of the window and the rat 
at which the heat was extracted | 
the melting ice. Examples are, th 
erratic percentages observed during 
the early hours, before the sun ix 
came effective on the west wall, a! 
around sunset, when the absorptio! 
of heat by the cooling system was 
still high and the sun effect wa 
either low or had ceased to exist 
all. These peculiarities give hig! 
percentages which are _ hard 
justify until the low magnitude ©! 
the actual values entering into t! 
percentages and the effect of the ‘ag 
are considered. In this connect 

it should be emphasized that 
usual care was taken in this stud 
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Table 3—Design Heat Gain Data for Several Window Arrangements on August 1, at 40 Deg Latitude; Plain 3/16-in. Sheet Glass and Wood Sash. Unless Otherwise Stated 
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40 
a—So arranged as to 


reduce this lag effect by installing 
the cloth drapes to absorb the solar 
radiation and quickly impart its heat 


to the air while in most practical ap 


plications this lag effect will be 
much greater. An example of this is 
shown by an office cooling study°® 
made by the Laboratory, which in 
dicated that a considerable percent 
age of the solar radiation entering 
the room during the afternoon was 
still in the concrete floor on which it 
fell at 5 p. m. In this connection 
attention is called to Fig. 4 showing 
from 18 to 20 Btu charged to solar 
radiation on the window, still being 
absorbed by the cooling system at 
7:30 p. m., or after sunset, even 
though the outside air and insid 
glass surface temperatures were at 
the time lower than the inside ait 
temperature. 
ASHVE Researcun Report No. 1002 

Cooling Reauirements of Single Rooms in a 
Modern Office Building, by F. C. Houghts 


Carl Gutberlet and Albert 7. Wahl (‘ASHVI! 
Transactions, Vol. 41, 1985, p. 5! 





W. L. LYNCH NAMED 
TRUSTEE OF SAVINGS BANK 

William L. Lynch, Rome, N. Y 
was elected a trustee of the Rome 
Savings Bank at a meeting of the 
board recently. He, with E. Lesli« 
Barnard, succeed the late S. H 
Beach and the late Carl Simon. Mr 
Lynch, who is president and treas- 
urer of Rome-Turney Radiator Co., 
was graduated from the Rome Free 
Academy. He joined the ASH VE in 
1928, and in 1929 was named a di 
rector of the Farmers’ National 
Bank and Trust Co., having been 
employed there in his earlier years 
Soon after he entered the services of 
the Rome-Turney Radiator Co., he 
advanced rapidly and was elected 
secretary of the firm in 1913 

Upon his attainment of the con 
trol of the majority of the stock in 
the local concern in 1921, he became 
its president. Mr. Lynch is a mem 
ber of the Teugega Country Club 
Rome Lodge 96, B.P.O.E., and the 
Knights of Columbus. He is imme- 
diate past president of the Kiwanis 
Club, and besides being a member 
of the AMERICAN Soctety oF HEAT 
ING AND VENTILATING ENGINEERS 
he is also a member of the American 
Society of Refrigerating Engineers. 
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Boiler Testing Codes 


T the 2nd Annual Meeting of 
A the Society in 1896 the first 

discussion of boiler ratings 
occurred and this perennial topic was 
a matter of debate through the early 
years of the Society. Finally in 
1909 the Society assigned the prob- 
lem of rating house-heating boilers 
to a joint committee consisting of 
the Committee of Standards and the 
Committee on House-Heating Boil- 
ers. 





By J. F. Melntire,* Detroit, Mich. 


excellent committee but the con- 
tributions of previous committee 
men, and valuable information had 
been gained from laboratories which 
had tried the previous codes. 
Although the testing code satis- 
fied those who desired a perform- 
ance curve, it did not specify or 
suggest a rating. The Society real- 
ized the need for a rating code and 
during the late twenties, a commit- 
tee, free from contamination of man- 














Fig. 1—Sample curves for hand-fired tests 


Committee after committee strug- 
gled with yearly revisions until 1921 
when it became apparent that the 
question of objective must be set- 
tled and a decision made to draft a 
testing code, a rating code, or both. 

The Code for Testing Low Pres- 
sure Steam Heating Boilers, Revi- 
sion of 1923, contained such deci- 
sion because it stated: “Object— 
Standard method for conducting and 
reporting heat efficiency at vari- 
ous rates of steaming”. 

This code was well done as it rep- 
resented not only the work of an 
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ufacturer affiliation (the writer |,ad 
been on previous committees ), tried 
earnestly to supply an acceptal| 
rating formula. The rating recom 
mendations of this committee were 
rejected because confusion still ex 
isted between testing and rating. The 
ASHVE Standard Code for Rating 
Steam Heating Solid Fuel Hand- 
Fired Boilers was adopted in Janu 
ary 1929 and revisions were mac 
and approved in April 1930. 

These boiler testing codes hav 
served a useful purpose to date, but 
the rating code has not been widely 
used. 

The Steel Heating Boiler Insti- 
tute has given their SHBI ratings 
which are based on structural di- 
mensions. As long as the SHB! 
code gives general satisfaction to the 
public and the industry, the writer 
believes the ASHVE is justified in 
recognizing its usefulness. 

Net load recommendations of the 
Heating, Piping and Air Condition- 
ing Contractors National Associa- 
tion likewise has served the cast- 
iron boiler industry as a commer 
cial guide, but like the SHB/ code 
it is based on structural dimensions 

The /nstitute of Boiler and Radi- 
ator Manufacturers, a trade associa- 
tion, representing practically all pro 
ducers of cast-iron boilers in the 
United States, decided in 1938 to 
develop a code for testing and rat- 


Fig. 2—Time limit gross I-B-R 





output curve 
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ng boilers which would warrant 
universal acceptance. As perform- 
ance was the only basis which could 
be considered, the first step was to 
study the ASHVE testing codes. 
Naturally their adoption would lend 
prestige to the undertaking. Meet- 
ings were held in a research labo- 
ratory where boilers were tested in 
accordance with the codes. Equip- 
ment and technique were studied. 
Results were analyzed. Confiden- 
tial data and experience were con- 
tributed freely by the engineers of 
member companies. 

Performance was found to be in- 
fluenced by so many variables that 
fixing of one only could not pro- 
vide a satisfactory rating. It be- 
came apparent that several very defi- 
nite limits should be established. 
For hand-fired boilers, as an exam- 
ple, these include minimum over-all 
efficiency, time available fuel will 
last, draft control to correspond to 
chimney height, etc. Fig. 1 shows 
sample curves for hand-fired tests, 
and Fig. 2 shows a time limit curve. 
Fig. 3 shows a section of curves 
used to set maximum heights and 
minimum areas of chimneys. 

Figs. 4 and 5 show curves 
which serve as a guide for regula- 


Fig.4— Stack 
height - draft - tem- 
perature curve 












tion of the draft to temperature to 
correspond with the chimney speci- 
fied by manufacturer. These curves 
are based on the field experience of 
the manufacturers and represent the 
best data available today. Insuffi- 
cient data were available to extend 
the curves beyond 1150 F. 

The ASHVE could render a valu- 


Fig. 5 
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Fig. 3—Stack height and stack 
area gross 1-B-R output curve 








oe 


able service to the heating industry 
by undertaking an extensive inves 
tigation of chimney performance and 
it is felt that the manufacturers of 
cast-iron and steel boilers, warm 
air furnaces, stokers and oil burn 
ers would support such a project 

The ASHVE testing code for oil 
fired boilers had to be revised to 


Stack height-draft-temperature 
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Fig. 7 


Sample curves for oil fired tests 


insure an accurate control of 

performance in line with the rat 
code requirements. For exam; 
the CO, must be held at 10 per c 
a maximum flue gas temperat: 
set, a minimum over-all efficie: 
required, allowable draft loss est 
lished, and a maximum heat rel 
fixed, 

The difficulty experienced in rx 
ing flue gas temperatures accurat 
led to the development of the dou 
orifice plate arrangement illustrat 
in Fig. 6. 

The true temperature of the ga: 
obtained by this method and 
readings will run 50 to 100 
higher than those taken at sai 
location with bare pipe and wit! 
orifice plates. Engineers shor 
take into account this difference ly 
tween field and laboratory test « 
ditions. Fig. 7 shows sample cur) 
for oil fired tests. The draft 
is limited by curve Fig. 8. 

The draft in the fire box shal 
maintained at 0.02 in. of water 

The J-B-R testing code serves 
its purpose as a basis of rating and 

testing 
serve for 


codes of th 
general us 


the boiler 
ASHVE 
Nothing can be gained by consol 
dating them, but the writer does 
recommend that the ASHVE codes 
be reviewed with the thought 
incorporating any improvements 
which may be indicated by the wor! 
of the J-B-R. 

The /-B-R rating code provid 
the method and procedure for 
termining the gross output and net 
rating of a heating boiler. | 
gross output in Btu is determin 
by actual test as already discussed 
The net rating is determined fro 
the gross output. Fig. 9 shows 
part of the conversion curve. 

The difference between the gt 
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Fig. 8—Draft loss-gross I-B-R output curve 
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Fig. 9 — Gross I-B-R out- 
put-net /-B-R rating curve 





and net is the allowance for piping 
and pickup. Naturally a larger per- 
centage is required for the small in- 
stallations. The factors used com- 
pare favorably with those contained 
in the ASHVE Code of Minimum 


DOCTOR OF SCIENCE 
DEGREE CONFERRED 
ON F. C. HOUGHTEN 


Ferry C. Houghten, Director of 
the Research Laboratory of the 
AMERICAN Society oF HEATING 
AND VENTILATING ENGINEERS at 
Pittsburgh, Pa., was awarded an 
honorary degree of Doctor of 
Science by Olivet College, Olivet, 
Mich., at its annual Founders’ Day 
convocation on February 24, 1941. 

Mr. Houghten was born in Troy, 
Mich., in 1888, and after his grad- 
uation from Olivet College in 1913 
with an A. B, degree, he received a 
Master of Science Degree at the 
University of Washington in 1915. 
Following an appointment with the 
U. S. Bureau of Mines, Pittsburgh, 
Pa., he became associated with the 
Research Laboratory of the Society, 
and in September, 1925, became its 
Director. 

Prof. Gale Young at Olivet, in 
presenting Mr. Houghten before the 
ceremonies, stated that it was the 
custom of colleges from time to time 
to take explicit notice of outstanding 
achievements on the part of their 
friends and alumni, and to record 
their recognition in the form of hon- 
orary degrees, and this was just 
such an occasion at Olivet. The 
guest of honor and principal speaker 
he announced was Ferry C. Hough- 
ten, a man eminently deserving of 
such an award. He further called 
attention to the fact that Mr. 
Houghten’s achievements are out- 








Requirements for 
Heating and Ven- 
tilation of Build- 
ings adopted in 
1925. Automatic 
fired units require 
less pick-up factor, 
therefore show a 
larger net for a 
given gross than 
does the hand-fired. 

The net rating is 
expressed in terms 
of square feet of 
steam and/or hot 
water radiation and Btu per 
hour. 

Hand-fired bituminous coal rat- 
ings are the same as hand-fired an 
thracite. Stoker fired ratings, both 
anthracite and bituminous, cannot 





F. C. Houghten 
Pittsburgh, Pa. 


lined in the pages of American Men 
of Science and in Who's Who, and 
represented in his long list of pub- 
lications, many of which have been 
translated into other languages. 

Professor Young further ex- 
plained that it was not his purpose 
to review Mr. Houghten’s works in 
any detail, as a worthwhile career 
cannot be encompassed in a few 
pages or compressed into a few min- 
utes of declamation. It is some- 
thing that stretches through a life- 
time of labor and into the years to 
come. It is something whose worth 
is measured in terms of the benefits 
it brings for all mankind, of the ad- 
ditions it makes to man’s store of 
knowledge, and of the new tools it 
forges for those who follow. 

Mr. Houghten is an engineer and 
an applied scientist, and it is per- 
haps in these fields that the time 
binding aspect of man’s activity is 
most clearly seen. It has been said 
that what is great in man is that he 
is a bridge and not a goal; that he 
is a rope stretching from the jungle 
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be more than those developed with 
oil. 

Gas-fired units shall have th 
same gross output in Btu as AGA 
approved ratings, but the net /-B-R 
ratings shall be determined from 
gross output—net rating /-B-K 
curves such as Fig. 9. 

The J-B-R testing and rating 
code, published by the /nstitute of 
Boiler and Radiator Manufactw 
ers, is a comprehensive document, 
and much important detail has been 
omitted in this discussion. 

The J-B-R Testing and Rating 
Code seems to be the answer sought 
by our committees for many years 
Its general acceptance and proved 
practicability would seem to justify 
our lending it our endorsement. 


toward the stars. Times of war re 

mind us that it is a rope over an 
abyss—a dangerous crossing, a dan 

gerous looking back, a dangerous 
trembling and halting. Heavy boots 
and white faced women—the march 
of man, and the bridge shudders 
perilously beneath him. It is a wel 
come reassurance indeed that we 
have men like Mr. Houghten to re 
mind us that, buffeted as it may be, 
that bridge is still there; that the 
surge of mind and man is still going 
forward. To such men as he we 
intrust our hopes that it will con 
tinue to go forward, and our most 
fervent prayers that that bridge 
shall not perish from the earth 

Acting on behalf of the faculty 
and the Board of Trustees of Olivet 
College, Professor Young presented 
Mr. Houghten to Pres. Joseph 

trewer for the honorary degree of 
Doctor of Science. 

President Brewer in awarding the 
honor to Mr. Houghten made the 
following citation : 

Ferry C. Houghten, loyal son of Olivet 
whom we delight to honor; teacher and 
scholar whose work amongst and with 
his fellow men has contributed greatly to 
the health, comfort, welfare and know! 
edge of mankind, now by virtue of the 
authority vested by the State of Mich 
igan in the Board of Trustees of Olivet 
College and by them delegated to me as 
President, I confer upon you the degree 
of Doctor of Science and admit you to all 
the rights, honors, privileges and respon 
sibilities appertaining thereunto, and in 
token thereof I present to you this diploma 
and invest you with this hood. 
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Warm-Air F urnace 


S LONG as 30 years ago the 

manufacturers of warm-air 

furnaces, engineers and in- 
stallers made various efforts to es- 
tablish a practical set of rules to 
govern the rating and installation of 
gravity warm-air furnaces. By that 
time competition in this industry 
was keen, and the lack of scientific 
data regarding performance resulted 
in many irregularities which created 
dissatisfaction in the minds of the 
public as well as in those of the in- 
dustry. In 1918 the National Warm 
Air Heating and Ventilating Asso- 
ciation (now the National Warm 
Air Heating and Air Conditioning 
Association) entered into an agree- 
ment with the University of Illinois 
Engineering Experiment Station to 
conduct cooperative research on 
warm-air furnaces in an endeavor to 
obtain actual technical data that 
would lead to higher and more uni- 
form standards in this important 
public service, and the investiga- 
tions have been conducted there 
continuously since that time. In 
1923, to further the research work, 
a Research Residence was erected 
by the Association at Urbana. 

As a result of this research, which 
has been recorded in various bulle- 
tins of the Engineering Experiment 
Station, the Standard Gravity Code 
for the Design and Installation of 
Gravity Warm-Air Heating Sys- 
tems was first published by the As- 
sociation in 1922. The eleventh edi- 
tion of this code was recently issued. 

In the 1920’s the application of 
fans to warm-air furnaces gained 
considerable headway. By 1930 the 
industry was actively advocating 
forced warm-air heating. In 1932 
the association published its first 
code to govern such systems. The 
Technical Code for the Design and 
Installation of Mechanical Warm- 
Air Heating Systems was first pub- 
lished in 1937; it is now in its third 
edition. 

As this paper deals essentially 
with coal-burning furnaces, it may 

*Vice-President, The Meyer Furnace Co. 
Member of ASHVE. 

Presented at the 47th Annual Meeting 
of the American Socrery or Heatinc Anp 
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By F. L. Meyer,* Peoria, Ill. 


SUMMARY—A resumé is given of the 
progress made in the past 30 years in the 
development of warm air furnace codes. 
As the result of research in 1922 a code 
for gravity systems was devised, and 
through the application of fans to warm 
air furnaces a code was developed in 
1932 covering the design and installation 
of mechanical warm air heating systems. 
The desirability of developing a test 
method for the rating of forced warm air 
furnace systems is emphasized with the 
need for additional laboratory studies to 
develop necessary testing procedure and 
technique 


be well at this point to state that, 
while the codes mentioned cover en- 
tire heating systems, reference will 
hereafter be made only to portions 
of such codes dealing with furnace 
ratings. 


Codes 


Gravity Warm-Air Furnace. 


The original work at the Uniy 
sity of Illinois, leading to the origi; 
of the Standard Gravity Code, \ 
conducted in a laboratory plant 
up for the purpose. As may be . 
served in Fig. 1, this plant has | 
essential characteristics of a gravity 
system installed in an ordinary res 
dence. 

This early investigation demo: 
strated that in the case of a gravity 
furnace a unique relationship exists 
between : 


1. 


2 weE 


Combustion rate 

Draft 

Register air temperature 
Weight of air flowing 
Capacity 

Efficiency 
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Fig. 1—Line diagram of furnace plant 
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that when the first three items 


Sik h ‘ 
are stated for any given furnace the 
three items can be definitely 


last 
stated. 

Over a period of 14 years a large 
number of typical furnaces were 
tested, and the data shown in Fig. 2 
were obtained. It will be noted that 

e performance of the furnace is 
given in terms of two physical di- 
mensions, namely heating surface 
and grate area. These data apply 
only to furnaces of the commonly 
used types, in which it was found 
that the total amount of heating sur- 
face was of greater importance than 
the distribution of the heating sur- 
face. The data are not applicable 
to furnace construction which devi- 
ates widely from commonly accepted 
designs. 

Employing these data, the equa- 
tion for the heat delivery at the 
warm-air registers was set up as: 

GCFEE'E” 


H = ———- [1+ 0.02 (R—20) ] 
144 
in which, 
H = Heat loss from building, Btu per 
hour 
G = Grate area in square inches 
C = Combustion rate, in pounds of coal 


per square foot of grate per hour 
= Heating value of the coal, Btu per 
pound 
E = Efficiency at bonnet 
E’ = Efficiency of duct transmission 
= Factor of safety 
R = Ratio of heating surface to grate 
area 


sy the substitution of numerical 
values, based on test results, of 
C=75, F=12,790, E=055, 
E’=0.75 and E” =0.866, and 


converting to leader pipe area by 
the equation, H = 136L, the fur- 
nace rating formula of the Standard 
Gravity Code is expressed as: 

L = 1.75 G [1+ 0.02 (R—20)] 
in which, 
_ = Leader pipe area in square inches 
‘== Grate area in square inches 

= Ratio of heating surface to grate 

area 

The rating formula strictly holds 
only for furnaces that will give a 
register air temperature of 175 F 
with a combustion rate of 7.5 Ib of 
coal burned per square foot of { grate 
area per hour. Furthermore, from 
the data shown in Fig. 2 the rating 
formula was limited to furnaces in 
which the ratio of heating surface to 
grate area was not less than 15 to 1 
hor greater than 30 to 1. 
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Since the adoption of this formula 
by the association, it has been al- 
most universally used, and its ap 
plication has been highly successful. 
Coal-burning furnaces rated accord- 
ing to it have an ample margin cf 
safety. The chaotic conditions, 
which existed in the field, have been 
largely straightened out, and all rat- 
ings are on a comparable and equa- 
ble basis, resulting from actual test 
data. The Standard Gravity Code 
has been approved and adopted by 


the ASHVE. 
Foreed Warm-Air Furnaces 


When a fan is applied to a fur- 
nace it not only may increase the 
efficiency of heat transfer at what 
may be considered as normal com- 
bustion rates for gravity circulation, 
but also, with an increase in air flow 
and sufficient chimney draft, it 
makes possible the use of higher 
combustion rates with resulting 
greater output, without increasing 
the temperature of the heat transfer 
surface. Also, the duct losses are 
lower because of lower temperature 
air and smaller amount of duct 
surface. 

The rating formula for forced-air 
furnaces, as given in the Technical 
Code, is a slight modification of that 
in the gravity code. For a coal- 
burning furnace of the conventional 
type the formula is: 
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H i1 +- 0.02 (k 20) ] 
144 
t which, 
H = Heat loss from building, Btu pet 
hour 
G = Grate area in square inches 


( = Combustion rate, in pounds of coal 


per square foot of grate per hour 


i Heating value of coal, Btu per pound 
E = Efficiency at bonnet 

E’ = Efficiency of duct transmission 

R = Ratio of heating surface to grat 

area 

The Technical Code suggests the 
use of C = 7.5. F 12,000, / 
0.65, E’ = 0.85 in the foregoing for 
mula, for average conditions. This 


method of rating is gaining in usage 

Strictly 
rating of a forced warm-air furnace 
should be with 
quantity circulated by the 
fan also stated. That is, £, the effi 
ciency at the bonnet, will depend on 
flowing, 


speaking, however, the 


determined by test, 
the air 


which 
If fur 
naces are properly designed and baf 
fled, and sufficient air comes in 
intimate the heating 
surface, efficiencies greater than 65 
per cent are attainable. Furnaces op 
erating under the latter 
will be penalized to some extent by 


the quantity of air 
can be independently varied. 


contact with 


conditions 


the suggested value of efficiency in 
the Technical Code. However, unless 
actual tests of a sufficiently compre 
hensive nature show that higher effi 
readily 


clencies can be obtained, if 
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Heating Surlace—Grate Area Ratio 


Fig. 2—Curves correlating unit capacity and ratio of heating 
surface to grate area for seven types of furnaces 
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is not deemed advisable to go be- 

yond the recommendations made. 
The same formula should be used 

in selecting a furnace for a stoker- 


fired installation. In some cases a 
value for E of 0.70 has been used. 
In general, though, the test results 
in the Research Residence have in- 
dicated the advisability of using a 
value for E of 0.65. A slightly over- 
sized furnace in a stoker-fired in- 
stallation will prove to be advan- 
tageous. 


Laboratory Test Method 


Based on the premise that ratings 
of forced-air furnaces should be de- 
veloped by test, there has been sub- 




















“Journal @9 Section 
mitted to the association by a sub- 
committee of its Research Technical 
Advisory Committee a Tentative 
Recommended Code for Testing and 
Rating Oil-fired, Fan-Furnace Com- 
binations. Fig. 3 shows the recom- 
mended test plant. 

Aside from determining the heat 
input to the furnace, the type of fuel 
is immaterial, and it is proposed to 
employ this general test arrange- 
ment for coal and gas fuels as well. 
Thus it is possible to test and rate 
each fan-furnace combination for 
given values of: 

1. Combustion rate 

2. Draft 
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Fig. 3—Line diagram showing arrangement of apparatus suggested for testing fan- 
furnace, forced-air heating units 


NEBRASKA CHAPTER 
ANNOUNCES OFFICERS 


The following have been elected 
to hold office for the coming year as 
officers of the Nebraska Chapter of 
the Society : 

President—Frederick Organ. 

Vice-President—H. W. Stanton. 

Treasurer—G. E. Merwin. 

Secretary—C, E, Wiser. 

Board of Governors—E. F. Adams, 
Henry Kleinkauf and W. R. White. 

No regular meeting headquarters 
has been established for the Ne- 
braska Chapter, but it is planned to 
hold a meeting on the second Tues- 
day of each month, in one of the lo- 
cal hotels, starting with dinner at 
6:30. 

At the January 15 meeting the 
guest speakers were, S. Frank Cox, 
technical director of the Double 
Glazing Division, Pittsburgh Plate 
Glass Co., and J. C. Kohl, technical 





adviser on glass block, Pittsburgh 
Corning Glass Co. They gave a very 
interesting illustrated talk on glass 
block and double glazing. 


SOUTHERN CALIFORNIA 
CHAPTER MEETS 


January 8, 1941. The Southern 
California Chapter of the Society 
held its January meeting at Steven's 
Nikabob Café, Los Angeles, and 27 
members and guests were present. 

The main topic discussed at this 
meeting was Electric Motors and 
Their Applications, followed by a 
general discussion. J. B. Coles- 
worthy, Westinghouse Electric and 
Mfg. Co., spoke on the constant 
speed of 3-phase motors, and Carl 
Johnson, Sterling Electric Co., 
talked on slip-ring motors and me- 
chanical variable speed wnits. 

These talks were followed by one 
on multi-speed motors and motor- 
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3. Register air temperature, and 

4. Weight of air flowing. 

The tentative code is still in 
formative stage, and present p 
call for a laboratory study of 
proposed test method. 

In general, for a forced warn 
furnace, whatever rating formu! 
code is used, the final result 
have to be based ultimately on 
data. The technique of testing 
rating may be beyond the limited 
pacities of any given plant. | 
thermore, the method of operat 
the tests may differ with each ir 
vidual company. However, t! 
should be adequate assurance 
ratings will be unbiased, if : 
under individualistic effort. 

Any future program of work | 
might be necessary in this indu 
in the way of testing or rating 
warm-air furnaces would proba 
involve studies of stoker-fired 
naces, furnaces having exceeding 
large amounts of heating surfaces 
and studies of the effects of baffling 
of the casing. The National Wa 
Air Heating and Air Conditioni 
Association stands ready to coope 
ate with other groups in any w 
of this nature. 

The author wishes to acknow 
edge the assistance of Professo: 
A. P. Kratz and S. Konzo in the 
preparation of this paper. 


ized gear units, which was rende 
by W. H. Hogue, U. S. Electric 
Mfg. Co. H. H. Bullock, Gene: 
Electric Co., also gave an interest 
ing talk on the fractional and 
tegral single-phase motors, and / 
lowing a general discussion fro: 
the floor the meeting was ad 
journed. 

December 11, 1940, The Decen 
ber meeting was also held at St 
ven’s Nikabob Café, Los Angeles 
and 34 members and guests wer« 
attendance. 

Hot water heating, which w 
discussion on the subject of moc 
development of hot water heating 
with reference to residence 
large industrial jobs, was the toy 
discussed. The speakers who 
the discussion were Glen Millet 
Southern California Gas Co., 

A. J. Hess, English and Lauer, 
Following an interesting ge! 
discussion the meeting adjour! 





Codes in the Stoker Industry 


By E. C. Webb,* Cleveland, Ohio 


HE purpose of this paper, as 

outlined in the request of the 

Research Technical Advisory 
Committee on Solid Fuels for its 
preparation, is to place before the 
\MERICAN SOCIETY oF HEATING 
\wpo VENTILATING ENGINEERS the 
thoughts of a representative of the 
stoker industry in regard to the 
background for the present stoker 
codes, the accomplishments _ that 
these codes have made, and the sug- 
vestions for other codes that may be 
desirable. 

There are only a few existing 
codes pertaining to stokers. These 
have all been prepared during the 
past few years as a result of the 
growth of this industry and the im- 
portant place it now occupies in the 
heating field. As the codes are en- 
tirely different in their scope, each 
will be discussed individually. 


Code for Testing Stoker-Fired 
Steam Heating Boilers 
In June, 1929, the ASHVE Per- 


formance Test Code for Steam 
Heating Solid Fuel Boilers' was 
adopted by the Society. The 
ASHVE Standard Code for Test- 
ing Steam-Heating Boilers Burning 
Fuel Oil was then added in 1932 
and in 1937 a special committee 
was appointed to prepare a similar 
code for automatic stokers. This 
latter code was adopted by the So- 
ciety? in 1938 and was also adopted 
the same year by the Stoker Manu- 
jacturers Association as their stand- 
ard testing code for stoker-fired 
steam-heating boilers. 

The purpose of this code, as out- 
lined in its introduction, is to pro- 
vide a standard method for conduct- 
ing and reporting tests to determine 
heat efficiency and _ performance 
characteristics. 

\s the title of the code implies, it 
covers the testing of two devices, 

“Engineering Service Manager, Iron Fireman 
Mfg. Co. Memaer of ASHVE. 

‘ASHVE Performance Test Code for Steam 
Heating Solid Fuel Boilers. (ASHVE Trans- 
actions, Vol. 85, 1929, p. 332.) 

Preis Stnterd Code Be! Testing Stoker- 
m eating oilers. (ASHVE 


TRANSACTIONS, Vol. 44, 1938, p. 366.) 

Presented at the 47th Annual Meeting 
' the American Socrety or HEATING AND 
Vem wig Encineers, Kansas City, Mo., 


SUMMARY—FExisting standards in the 


small stoker industry are reviewed hav- 


ing a special interest to Society members. 


The development of stoker codes since 

1929 is traced, showing advances made 

towards obtaining wider acceptance. 

Recommendations are outlined for need- 
ful revisions of current codes 


that is, boiler and stoker. The heat 
efficiency obtained and reported is, 
therefore, the combined efficiency of 
the stoker and boiler and is ex 
pressed in percentage of heat in the 
fuel fired which is delivered at the 
boiler nozzle when the boiler is nor 
mally insulated. 

It is felt that this code has served 
a very useful purpose in outlining 
a standard procedure for conduct- 
ing and reporting tests of this type 
and in general has been well ac- 
cepted and recognized by the indus 
try. There has been some com 
ment, however, to the effect that 
the procedure as outlined could be 
improved, particularly from _ the 
standpoint of the practical applica 
tion of a short test form. 

There is also an apparent need 
for a performance summary that will 
more clearly show the combustion 
efficiency of the fuel burning equip- 
ment independent of the heat ab- 
sorbing efficiency of the boiler. 

Although the data recorded in the 
heat balance indicate to a certain ex- 
tent the individual performance of 
the stoker and the boiler, there is 
at present no recognized uniform 
procedure for showing the influence 
of the combustion efficiency of the 
stoker or the heat absorbing effi- 
ciency of the boiler on the combined 
over-all efficiency of the two devices. 

It is recognized that the manner 
in which the heat is applied to a 
boiler affects its heat absorbing effi- 
ciency; also, that the combustion 
chamber of the boiler has a mate 
rial effect on the combustion effi- 
ciency of the fuel burning equip- 
ment. Therefore, one of the units 
cannot be considered entirely inde- 
pendent of the other. However, it 
is felt that the outline for reporting 
the heat balance could be revised to 
more clearly show the individual 
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performance of the two units. Such 
a revision in the oil-fired and stoke 
fired steam-heating boiler codes 
should be helpful to the industry, 
particularly as they are applied to 
performance specifications and pet 
formance tests on some of the large: 
heating equipment. 

It is suggested, therefore, that the 
Society give consideration to the re 
view of this code, giving special at 
tention to the test procedure and a 
revision of the outline for reporting 
the heat balance. 


Uniform Stoker Rating 


This code* was adopted by the 
Stoker Manufacturers Association 
on November 15, 1937, and is now 
well accepted by the stoker manu 
facturers as a basis for rating and 
applying their equipment. It is also 
recognized by the Heating, Piping 
and Air Conditioning Contractors 
National Association and is pub 
lished in their pamphlet entitled Net 
Load Recommendations for Heating 
Boilers. 

Convenient charts and tables are 
provided for selecting the stoker 
rating required for the load that it 
is expected to carry. These data 
are based on factors established by 
the Association as representing av 
erage normal performance. 

Prior to the adoption of this uni 
form method of rating, there was 
considerable variation in the proce 
dure followed by the different man 
ufacturers as well as heating con 
tractors and others specifying the 
selection of stoker equipment. It is 
thought that the code has served a 
very useful purpose in placing on a 
more nearly uniform basis the meth 
ods of rating and size selection of 
stoker equipment. 


Minimum Setting Heights 


During the past few years the 
subject of stoker setting heights has 
been given considerable attention 
due to the regulations that have 
been established by the smoke regu 

"SMA Uniform Stoker Rating (Published 


by Stoker Manufacturers Association, Coal- 
Heat, May, 1938.) 
































lating bodies in several cities and 
the unusual requirements occasion- 
ally specified for smali stoker set- 
tings. 

In some instances, these setting 
heights were considerably greater 
than ordinarily recommended by the 
industry and the Stoker Manufac- 
turers Association, in cooperation 
with the Smoke Prevention Assoct- 
ation, National Coal Association, 
the Institute of Boiler and Radiator 
Manufacturers and the Steel Heat- 
ing Boiler Institute, undertook a 
careful study of the subject to de- 
termine if the established methods 
of applying this equipment were re- 
sulting in satisfactory performance. 
To assist in this study, an independ- 
ent research laboratory, the Battelle 
Memorial Institute, Columbus, 
Ohio, was employed to make an ex- 
tensive field survey. The results of 
the field survey have been published 
in pamphlet form.* 

After studying the findings of this 
survey, the Stoker Manufacturers 
Association adopted a uniform rec- 
ommendation for minimum setting 
heights. These recommendations 
represent the combined experience 
of the manufacturers on many thou- 
sands of installations and are pub- 
lished® by the Stoker Manufacturers 
Association. 

In considering these recommen- 
dations, it should be clearly under- 
stood that they show merely the 
average recommended minimum. 
There are many factors affecting the 
proper application of stokers to the 
various types of boilers and furnaces 
and in many instances, greater or 
less setting heights may give far 
better performance than the average 
values that are shown. They can- 
not, therefore, be used as arbitrary 
values in specifying stoker settings. 

The wide variation in stoker set- 
ting requirements is undoubtedly 
the reason for so much difference of 
opinion on this subject, as it is very 
easy to draw conclusions from expe- 
riences on a few unusual installa- 
tions that do not represent the av- 
erage condition encountered. 

A number of years ago many of 
the manufacturers of small stokers 
recommended greater setting heights 
than have since been found neces- 
sary or advisable; in fact, some of 
~ ¢Combustion Space Survey and Field Tests, 
by Sherman, Cross and Ostborg. (Published 
by Battelle Memorial Institute.) 

5§SMA Minimum Setting Heights. (Adopted 


by the Stoker Manufacturers Association March 
12, 1940.) 
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these manufacturers have found it 
necessary to go back and reduce the 
setting heights on many of these 
earlier installations in order to ob- 
tain satisfactory and practical per- 
formance. It is also true, of course, 
that some installations have given 
better performance as the result of 
increasing their setting heights, but 
on a comparable percentage basis, 
this number is extremely small. 

In concluding this outline of the 
background for these recommenda- 
tions adopted by the Stoker Manu- 
facturers Association, the writer 
wishes to emphasize the fact that 
the data cannot be used arbitrarily 
for specifying stoker settings with 
the expectation of obtaining satis- 
factory results on all installations. 
They merely represent average re- 
quirements that may be varied con- 
siderably by the stoker installer 
based on his experience with the in- 
dividual equipment, the type of coal 
that is to be used, and the construc- 
tion of the boiler or furnace. 


Domestic Burners for 


Pennsylvania Anthracite 


Underfeed Type: This commer- 
cial standard® for domestic anthra- 
cite stokers might be considered as 
an outgrowth of the work that has 
been carried on for a number of 
years by the Anthracite Industries 
Laboratory, Primos, Pa. The gen- 
eral procedure covering its final 
preparation and presentation to the 
industry was, however, handled by 
the Bureau of Standards in its cus- 
tomary manner. 

Since the standard was first pub- 
lished in 1934, it has undergone a 
number of revisions, the latest being 
November 30, 1940. In its present 
form, it therefore represents many 
years of work on the part of the 
Anthracite Industries Laboratory, 
the stoker manufacturers, and the 
Bureau of Standards. Its require- 
ments cover the design, perform- 
ance, and installation of underfeed 
type burners using Pennsylvania an- 
thracite as a fuel and having a nor- 
mal capacity between 10 and 100 Ib 
of coal per hour. 

The preparation of this standard 
for domestic anthracite burning 


“Commercial Standard CS48-40, Domestic 
Burners for Pennsylvania Anthracite (Under- 
feed Type). (Published March 14, 1984, as 
Standard CS48-34, revised November 30, 1940, 
as CS48-40, by the Bureau of Standards, De- 
partment of Commerce.) 


equipment was a much less difii 
task, however, than would be 
of preparing a similar standard 
domestic bituminous stokers. 
thracite coal, as used in this eg 
ment, is more uniform than 
minous coal as to size and bu 
characteristics and, as a result. 
thracite stokers are also far n 
uniform in design and constru 
than bituminous stokers. 

With the widely different bi 
ing characteristics of bitumii 
coals and the many types of au 
matic stoker equipment now being 
used, it would seem extremel) 
ficult at this time to prepare a si 
lar standard for bituminous st 
equipment. 


Summary 


The writer believes that thes 
codes and standards now existing 
in the small stoker industry should 
be of interest and value to man) 
members of the Society, particular!) 
those who may have occasion 
specify stoker equipment or have a 
direct interest in the performance o: 
testing of stoker fired heating equi; 
ment. 

It is suggested that the Society 
give consideration to the review o/ 
the ASHVE Standard Code 
Testing Stoker-Fired Steam-Heat 
ing Boilers, giving special attentio: 
to a revision of the outline for r 
porting the heat balance to mor 
clearly show the individual perform 
ance of the stoker and boiler. 





GLASS BLOCKS INTEREST 
KANSAS CITY MEMBERS 


January 13, 1941. The Kansas 
City Chapter held its regular meet 
ing at the Hotel President, and ac 
cording to E. M. Jolley, secretary, 
the meeting was one of great interest 

J. C. Kohl, Pittsburgh, Pa., was 
the first speaker to address the 
meeting and his phase was on tly 
technical data of glass blocks 
S. Frank Cox, Pittsburgh, pre 
sented an interesting paper on tl 
subject of insulated windows. uw 
merous slides were used as illustra 
tions and the members expressed 
their appreciation to Mr. Cox and 
Mr. Kohl for their extremely 
teresting talks. Several of the men 
bers decided it was one of the most 
successful meetings held by the chap 
ter. 
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San Francisco Awaits You 


HE California members are leav- 
Tix no stone unturned in_ their 

preparations to welcome Society 
members and their friends to the Pacific 
Coast for the 1941 Semi-Annual Meeting 
of the American Society or HEatING 
AND VENTILATING ENGINEERS, which will 
be held June 16-19, with headquarters at 
the Palace Hotel. 

Assisting G. M. Simonson, General 
Chairman of the Committee on Arrange- 
ments, are Clyde Bentley and Dr. B. M. 
Woods, Vice-Chairmen; also the Com- 
mittee Chairmen as follows: J. A. Hill, 
Reception; R. A. Folsom, Transporta- 
tion; C. L. Peterson, Entertainment; N. 
H. Peterson, Banquet; J. F. Kooistra, 
Ladies; E. W. Simons, Publicity; A. J. 
Bouey, Finance; and F. W. Kolb, Sports. 

Plans are being made to hold a joint 
session with the Heating, Piping and Air 
Conditioning Contractors National Asso- 
ciation on Monday morning, June 16, and 
this will be followed by a get-together 
luncheon, after which the opening cere- 
monies of the Pacific Heating and Air 
Conditioning Exposition will be con- 
ducted at the Civic Auditorium. Among 
the subjects offered for discussion at the 
four technical sessions are: panel heating 
analysis; effect of insulation of heating 
plant performance; effect of heat trans- 
fer on cooling load; and a preview of So- 
ciety research problems. 

An excellent technical program is being 
arranged by the Meetings Committee, 
affording an opportunity to discuss many 
practical technical problems. 

A proposed itinerary that will follow 
a scenic route to San Francisco and per- 
mit a selection of accommodations at 
minimum cost has been arranged. Mem- 


bers from Eastern and Southern points 

may go by a choice of routes to Chicago, 

which will be the rendezvous for the 
trip to San Francisco. The Exposition 

Flyer, with special ASHVE cars, leaves 

Union Station, Chicago, June 12, at 12:35 

p. m. over the Burlington Route. At 

Denver those who must hurry to San 

Francisco will travel via the Moffat Tun- 

nel and the Rockies will be seen in day- 

light. Arrival in Salt Lake City will be 
on Friday night, June 13, and the route 
then follows the Feather River Canyon 

with arrival at San Francisco at 10:30 

p. m. on the 14th. 

The train selected will carry special 
cars for Society members, their families 
and friends, and provide fast service 
without extra fare to San Francisco. 
Standard air conditioned Pullman cars, 
tourist Pullman equipment, de luxe 
coaches and dining cars serving all meals 
will be available. 

With these arrangements members and 
their friends can travel in a body to San 
Francisco and round-trip tickets will per- 
mit diverse routes returning, among 
which are the following : 

1. Via Ogden, Cheyenne, Omaha, Chicago. 

2. Via Los Angeles, Grand Canyon, Carlsbad 
Caverns, Indian Detour, Albuquerque, 
Wichita, Kansas City and St. Louis or Chi 
cago. 

3. Via Los Angeles, Phoenix, El Paso: (a) 
San Antonio, New Orleans, Atlanta, Wash 
ington; or (b) Kansas City and Chicago. 

4. Via the North Pacific Coast—Portland, 
Seattle, Spokane, Yellowstone Park, St. 
Paul, Chicago. 

5. Via the North Pacific Coast—Portland, 
Seattle, Spokane, Glacier Park, St. Paul, 
Chicago. 

6. Via Portland, Seattle, Victoria, Vancouver, 
Lake Louise, Banff, St. Paul, Chicago. 

7. Via Portland, Seattle, Vancouver, Jasper 
Park, Winnipeg, St. Paul, Chicago. 

8. Via Los Angeles, Boulder Dam, Utah Parks 


(Bryce-Zion), Salt Lake City, Royal Gorge, 
Colorado Springs, Denver, Omaha, Chicago. 
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The Pacific Coast Chapters are plan 
ning a series of interesting trips which 
will extend to Los Angeles, Portland and 
Seattle, and those attending the meeting can 
combine their business with pleasure, and 
enjoy an ideal vacation. San Francisco has 
all the comfortable temperatures between 
coolness and warmth, and one can enjoy 
swimming, yachting, sea fishing, riding, 
picnicking, golf, boating, camping and 
trips through the California Redwoods. 

It is planned to have notable speakers 
at the luncheons and banquet, and along 
with the fine technical papers and various 
committee meetings, the HPACCNA 
meeting and the Exposition, there should 
be a great attraction to San Francisco in 
June, and members should plan now to be 
there the week of June 16. 

The Golden Gate Chapter not only 
plans to welcome ASHVE members and 
friends to San Francisco the week of 
June 16, but is also cooperating with the 
Heating, Piping and Air Conditioning 
Contractors National Association, which 
will meet at the St. Francis Hotel 

Those who plan to attend the Semi 
Annual Meeting and the HPACCNA 
meeting will also have the opportunity 
to witness a preview of many noteworthy 
advances in indoor climate control for 
human comfort and industrial protection 
when the heating, ventilating and air con 
ditioning industry convenes in San Fran- 
cisco for a series of engineering meetings 
in conjunction with the Pacific Heating 
and Air Conditioning Exposition, to be 
held in the Civic Auditorium, June 16-20 
According to Charles F. Roth, manager 
of the Exposition, about three-fourths of 
the exhibition space offered has already 
been reserved. 





























DIRECTOR HOUGHTEN 
VISITS NORTH CAROLINA 


February 20, 1941. The North 
Carolina Chapter of the Society 
held its regular monthly meeting 
in the New Hotel Barringer, Char- 
lotte, and approximately 22 mem- 
bers and guests were in attendance, 
some of whom travelled over 150 
miles. 

F. C. Houghten, director of the 
Society's Research Laboratory, 
Pittsburgh, delivered an _ interest- 
ing talk on the recent research de- 
velopments in calculations of solar 
radiation heat loads in conjunction 
with estimating cooling require- 
ments. Following Mr. Houghten’s 
address a general round table dis- 
cussion was held in which practi- 
cally all present participated. The 
chapter is looking forward with a 
great deal of anticipation to a re- 
turn visit by Mr. Houghten. 

The next meeting of the chapter 
is scheduled for April and will be 
held in Raleigh, N. C. 


PHILADELPHIA HEARS TALK 
ON AIR CONDITIONING 


February 13, 1941. The regular 
monthly meeting of the Philadelphia 
Chapter of the Society was held at 
the Engineers Club, and was called 
to order at 8:00 p. m. by Pres. C. B. 
Eastman. The minutes of the pre- 
vious meeting were read and ap- 
proved, followed by the report of 
the treasurer, which was accepted 
as read. Edwin Elliot, chapter rep- 
resentative for the Hobby Show, 
called attention to the coming show 
and urged the members’ participa- 
tion. 

President Eastman welcomed 
J. H. Van Alsburg, Chicago, mem- 
ber of the Society’s Committee on 
Research, and R. A. Wasson, New 
York, N. Y., who were visiting the 
Philadelphia Ghapter. He then 
turned the meeting over to H. H. 
Mather, chairman of the meetings 
committee, who advised the mem- 
bers that the March meeting would 
include a visit to the Municipal 
Court Building, with dinner being 
served at Hollands. 

C. S. Leopold, consulting engi- 
neer from Philadelphia, was intro- 
duced as the speaker of the evening, 
and addressed the meeting on the 
subject of Air Conditioning, which 
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he illustrated with lantern. slides. 
Mr. Leopold gave some interesting 
data on the details of design and 
construction of several of his latest 
and most modern buildings. The 
talk was well received, and the 
members were further enlightened 
by Mr. Leopold’s answers to the 
many questions. The meeting ad- 
journed following the discussion at 


9:20 p. m. 


ASHVE PAST PRESIDENT 
ADDRESSES WESTERN 
NEW YORK 


February 10, 1941. The Western 
New York Chapter of the Society 
held its regular monthly meeting at 
the University Club and 32 mem- 
bers and guests were present. Fol- 
lowing the reading of the minutes 
of the January meeting, which were 
approved as read, B. C. Candee 
gave a short talk describing his ex- 
periences on a trip to California 
from which he had just returned, 
and ended by stating that he was 
very glad to be back. 

W. R. Heath, chapter delegate to 
the Annual Meeting in Kansas City, 
gave a report on the meeting, and 
advised the chapter that L. P. Saun- 
ders, Lockport, N. Y., former presi- 
dent of the chapter, had been elected 
to the Council for a three-year term. 

W. E. Voisinet announced that 
the Air Conditioning Council in- 
vited the Society to a joint meeting 
to be held in March, and the invita- 
tion was accepted, such meeting to 
form the regular monthly chapter 
meeting. 

C. W. Farrar suggested that the 
Buffalo Chapter take immediate ac- 
tion in order to have the 1944 Heat- 
ing and Ventilating Exposition held 
in Buffalo in the new Auditorium. 
A general discussion followed and 
it was unanimously agreed that 
Buffalo wanted the 1944 Exposi- 
tion. President Gifford appointed 
a committee consisting of Messrs. 
Farrar, Farnham, Davis, Beman 
and Commissioner Harding to make 
necessary arrangements to get this 
Exposition to Buffalo. 

L.. A. Harding, Past President of 
the Society and Commissioner of 
Public Works of Buffalo, was then 
introduced and deliyered a talk on 
the Dawn of Science and Invention. 
The Commissioner gave the Chap- 
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ter a very interesting talk co\ 
a period of 500 years in histor 
lustrated with slides describin; 
hasic inventions of ancient pe 
and tracetl the rise of these i 
tions to modern times. 


PUBLIC RELATIONS TOPri¢ 
AT ONTARIO 

February 3, 1941. The rex 
February meeting of the O: 
Chapter was held at the Royal 
Hotel, with 52 members and ¢ 
in attendance. 

Following dinner at 6:30 p.n 
secretary read the minutes of 
preceding meeting, which were a 
cepted as read, and C. Taske: 
ported on the 47th Annual Meeting 
of the Society held in Kansas Cj: 
which he attended. He pointe: 
the important research activity 
being conducted by the Society, a 
announced that there were 214 
Canadian members. 

J. A. Clifton introduced the prit 
cipal speaker of the evening, Roy D 
Kerby, who spoke on Public Rela 
tions. Mr. Kirby’s address was 
enthusiastically received. E. R 
Gauley expressed a vote of thanks 
to Mr. Kerby for his splendid ad 
dress on behalf of the chapter, a 
this was followed by adjournment 


GOODMAN GUEST AT 
ILLINOIS 


January 13, 1941. The Januar 
meeting of the Illinois Chapter 
the Society was called to order | 
Pres. V. L. Sherman with 63 me: 
bers and guests attending. 

The regular order of business 1! 
cluded reports of the committe 
chairmen and the minutes of 
December meeting. 

President Sherman then called } 
S. R. Lewis, Chicago, past presiden' 
of the ASH\ E, to introduce 
speaker of the evening, Wi! 
Goodman, consulting engineer, | 
Crosse, Wis., who spoke on the su 
ject of Dehumidifying Air Wt 
Coils. He went back to the fund 
mentals of the process and traced 
what occurs on the psychron 
chart, thereby bringing out 
information of a practical natur 
needed in air conditioning engince! 
ing. Among the topics covere:! }) 
Mr. Goodman were the percentag 
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iine on the psychrometric chart, 
which is determined by the ratio of 
sensible and latent heat, the impor- 
tance of selecting the proper coil to 
give the desired room conditions, 
and the applications and limitations 
of reheating and of by-passing air. 

His talk, which was of a semi- 
technical nature illustrated with 
slides, was well received by the 
members and in a discussion follow- 
ing, such matters as reheating air 
with condenser gas by means of the 
run around cycle, the importance of 
turbulence in the air stream for heat 
transfer and the effect of part of the 
coil surface being dry, were ex- 
plained. Messrs. Aeberly, Lewis, 
Locke and others took part in the 
discussion, which was followed by 
adjournment. 


ILLINOIS DOCTORS DISCUSS 
COMFORT 


December 9, 1040. The Decem- 
ber meeting of the Illinois Chapter 
was called to order by Pres. V. L. 
Sherman with 60 members and 
guests attending. 

Following the various reports 
of committee chairmen, President 
Sherman turned the meeting over to 
John Howatt, who after a brief in- 
troductory talk introduced Dr. Ford 
K. Hick and Dr. Robert W. Keeton, 
Department of Medicine, University 
of Illinois. The workers in the 
Medical Department of the Uni- 
versity, in cooperation with the 
ASHVE, have been studying the 
physiological adjustments involved 
in the loss of heat from the body and 
the discussion by the speakers cov- 
ered some of the studies made dur- 
ing the past year. 

They explained that the heat of 
the body is generated largely within 
the muscles, which are located in 
the interior of the body, and the heat 
in excess of requirements for main- 
tenance of body temperature is 
transported to the surfaces. It was 
brought out that the mechanism of 
heat loss from the surfaces depends 
to a great extent on the character of 
the environment. 

Data illustrative of the results ob- 
tained from the studies were shown 
on lantern slides and a general dis- 
cussion followed, in which Dr. E. V. 
Hill and Messrs. Cartland and Ad- 
lam took an active part. 


TWENTY-THREE YEARS IN 

INSULATION INDUSTRY 

Matthew J. Fitzgerald, secretary 
treasurer and general manager of 
the Standard Asbestos Manufactur- 
ing Co., Chicago, has just completed 
23 years of service in the asbestos 
industry, with the belief that Friday 
the 13th is lucky rather than other- 
wise. It was on that date in 1917 
that he entered the employ of the 
Standard Asbestos Mfg. Co. 

Mr. Fitzgerald was born in Chi- 
cago on December 27, 1901, and 
was educated in the parochial 
schools there, graduating from De- 
Paul Academy in June, 1917. He 
immediately acquired the position as 
stenographer with the company 
with which he is still associated and 
worked his way up to his present 
position. He is also a director of 
the company and vice-president and 
director of Standard Asbestos Mfg. 
Co., Cleveland, O. He joined the 
ASHVE in 1934 as a Member, and 
is a member of the Illinois Athletic 
Club. 


PROF. A, R. ACHESON DIES 


AT SYRACUSE 


Prof. Albert R. Acheson, head of 
the department of mechanical en- 
gineering in the College of Applied 
Science at Syracuse University, 
died at his home, 852 Ostrom Ave 
nue, Syracuse, N. Y., on February 
25, 1941. Professor Acheson, in his 
59th year, had just returned late in 
January from a vacation in Florida. 
He was born at Riverton, New 
Zealand, October 12, 1882, and was 
graduated from the New Zealand 
University in 1906, having received 
the degrees of bachelor of science in 
mechanical engineering, and bache- 
lor of engineering in electrical en- 
gineering. 

In his college years he was in the 
employ of the New Zealand Govern- 
ment Railways during summer va- 
cations and in his later professional 
years in Syracuse he utilized vaca- 
tion periods similarly, in practical 
application of advanced theory and 
in continuing research. 

He came to the United States 35 
years ago for technical service with 
the Westinghouse Electric and Mfg. 
Co., Pittsburgh, Pa. He became as- 
sociated with Syracuse University 
in 1908 as professor of mechanical 
engineering. His first association 
with the Westinghouse interests, 
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however, was with the Westing 
house Air Brake Co., Addington, 
N. Z.. in 1904 and 1905. He was 
with the Wellington and Manawatu 
Railway Co., in his first post-grad 
uate year. 

In his years of identification with 


the University, he also was asso 
ciated with civic and municipal ac 
tivities, and served as a city con 
sultant on gas and electricity from 
1914 to 1919, the period in which 
modern unified street lighting was 
developed. 

He was notable among men ol 
science and foremost as consultant 
in the field of heating, ventilating 
and steam generation, serving vari 
ous industrial and utility clients 
ever a period of 20 years. 

In his earlier years he was a lead 
ing amateur tennis player competing 
in local tournaments, and winning 
the city’s double championship with 
Hubbell West, now of Baldwins 
ville, as his partner and co-cham 
pion. He kept up a participating 
interest in competitive play. A pro 
ficient golfer, he figured in invita 
tional tournaments as often as his 
engagements permitted. He had an 
inherited love of outdoor sport, in 
the British tradition, and enjoyed 
the speed and flash of American 
games. 

\ gifted student as well as 
teacher, he was referred to fondly 
among old grads and associates as 
“Aitchee.” He was very popular 
with all his students and held in 
high regard by the faculty, and con 
sidered one of the best teachers 
Syracuse ever had. 

He joined the ASHVE in 1919, 
taking a keen interest in the work 
of the Society and contributing 
much to the advancement of the 
heating and ventilating profession 
He was one of its very active mem- 
bers, serving on various committees 
from time to time. He was ap 
pointed to serve on the Committee 
to Cooperate with the Rochester 
School Board in 1926 and 1927. 

As Westinghouse Electric and 
Mfg. Co. industrial engineer, he 
compiled reports in the summer of 
1910 on factory power plants in 
New York State. The next sum 
mer he was operating engineer in 
charge of the 6,000 hp boiler room 
of the Utica and Mohawk Valley 
Railway Co., Utica. 

Among his unpublicized consult 
ant services in recent years was 
work on what has become known 
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to the world as Associated Press 
Wirephoto, on which he served 
while the work was being perfected 
by the American Telephone and 
lelegraph Co. Professor Acheson 
maintained consulting office head- 
quarters in the Eckel Theater 
Building, with his son, Cedric, who 
holds a master’s degree from Syra- 
cuse University. 

Important steam plant installa- 
tions in his work included the Mica 
Insulator Co. plant at Schenectady 
and the Edwards plant at Rochester. 
He consulted largely with architects 
and was known as a specialist in 
mechanical and electrical layouts for 
school construction projects. 

He was active in the Technology 


Conditioning 
Journal GY Section 


Heating - Piping 


Club in Syracuse and formerly 
served as president, also holding 
memberships in the Rotary Club, 
Syracuse Lodge, 501, F. and A. M., 
and Bellevue Golf and Country 
Club. Besides being a member of 
the Society he was also a member 
of the American Society of Mechan- 
ical Engineers, and the American 
Institute of Electrical Engineers. 

Professor Acheson, untiring in 
application to study, possessed work- 
ing knowledge of foreign languages 
for use in technical reading. He was 
interested in theory and practice of 
government and was regarded as an 
instinctive liberal, with a heritage of 
liberalism. 

He is survived by his wife; two 





sons, Cedric R. and Douglas 
both of Syracuse; two daugh; 
Mrs. Raymond Ames, South M 
den, Conn., and Miss Dorothy 
Acheson, Syracuse; two brot! 
Percy and Judge Frank O. V. A 
son; and three sisters, Mrs. | 
Cuples and the Misses Edith 
Nancy Acheson, all living in Ney 
Zealand. 

The Officers and Council of 
Society extend their sincerest s 
pathy to his widow and family 
the great loss they have sustai: 
Quoting Chancellor William P. ( 
ham of Syracuse University, * 
fessor Acheson was a man 
cannot be replaced easily, if replac: 
ment is at all possible.” 
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The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for mem- 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 
ences shall be printed in the next issue of the JourNaL of the Society or sent to the members in other approved manner as ordered 
by the Council. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by 
the Committee on Admission and Advancement as soon as possible. 

When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and assigned his 
grade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. During the past mont! 
18 applications for membership have been received and the names of these men and their sponsors are published in the following | 


Members are requested to scrutinize the list with care. 


The Committee on Admission and Advancement, and in turn, the 


Council, urge the members to assume their share of responsibility of receiving these candidates into membership by advising the 
Secretary promptly of any whose eligibility for membership is in any way questioned. aes 
All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 


duty of every member to promote. 


Unless objection is*made by some member by April 15, 1941, these candidates will be balloted upon by the Council 
elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 
Proposers 
BARNEY, WILLIAM J., Sales Repr., Hoffman Specialty Co., Inc., M. C. Gillett 
Waterbury, Conn. \. F. H. Scott 
Brewer, FRANK M., Mechanical Draftsman, Robert & Co., Inc., W. J. McKinney 


Atlanta, Ga. 


CAMPBELL, Ropert E., Chief Engr., General Cooling & Heating 
Corp., Jacksonville, Fla. (Advancement) 
Eccers, Witt1aAMmM K., Student, Clarkson College of Technology, 


Potsdam, N. Y. 


Ferrets, ARTHUR L., Sales Engr., Hart & Cooley Mfg. Co., Fort 


Erie, N. Ontario, Canada. 


GALLowaAy, Davin, Sales Engr., Bowen Refrigeration Supplies, 


Atlanta, Ga. 


F. E. Baird 


J. C. Pastor 

I. Jalonack 

Ek. T. Armstrong 

J. H. Davis (ASME) 
J. H. Van Alsburg 


<i * 


H. G. Hill 
L. L. Barnes 
R. F. Hahn 


(FARRARD, WALTER M., Mfr.’s Agent, Garrard & Co., Atlanta, Ga J. L. Blackshaw 
C. L. Templin 
GEeNONE, Henry W., Vice-President in charge of Engrg., Dinklet J. L. Blackshaw 
Hotels Co., Inc., Atlanta, Ga. C. L. Templin 
Haves, Orrts J., Student, University of Minnesota, Minneapolis, F. B. Rowley 
Minn. R. C. Jordan 


Kent, ALLAN D., Lecturer and Demonstrator, Queen’s Univer 


sity, Kingston, Ont., Canada. 


W. D. Sheldon, Jr 
L. M. Arkley 


Kircn, Rrcwarp B., Sales Ener., The Trane Co.. Atlanta, Ga F. E. Baird 

W. J. McKinney 
Leacn, Amos H., Mech. Engr., Robert & Co., Inc., Atlanta, Ga F. E. a 

E, R. “oss 
Noorp, Donatp F., Mech. Engr., Smith, Hinchman & Grylls, T. W. Reynolds 


Detroit, Mich. (Reinstatement) 


N. Livermore 


O'’Suea, Joun J., Branch Mgr., Buffalo Forge Co., Atlanta, Ga R. F. Hahn 


Owen, Cuartes E., Mfr.’s Agent and 
dale, Ill. 


C. L. Templin 


Distributor, Carbon W. J. MaGirl 


O. E. Nesmith 


PeTeRSON, BERNHARD G., Sales Engr., Omaha, Nebr. F. Organ 


SECKINGER, BENJAMIN J., Jr., Partner, 
Atlanta, Ga. 


H. Kleinkauf 


Seckinger Sons Co., F. E. Baird 


W. J. McKinney 


Worktan, Atpert E., Sales Engr., United Gas Corp., Houston, C. A. McKinney 


Tex. 


\. B. Banowsky 
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REFERENCES 
mya onde rs 
F. Jehle 
E. N. Sanbern 
J. M. Rittelmeyer 
(Non-Member) 
D. S. Sterner 
\. J. Edge 
|. LaRaus 
EK. McHugh (ASME) 
\. R. Powers (A/E/ 
EK. J. Davis 
F. W. Chambers 
C. L. Templin 
A. H. Koch 
S. W. Boyd 
C. B. Cole 
. W. Boyd 
. L. Barnes 
B. Algren 
’. E. Lund 
. H. Everest 
. S. Libby 
H. Koch 
C. L. Templin 
W. T. McKinney 
H. Koch 
G. Tuttle 
K. B. Gair 
1. L. Barnes 
W. 3 McKinney 
1. Barton 
F R. Bishop 
W. R. White 
Re <2 Johnson 
\. H. Koch 
C. L. Templin 
B. Harper (Non-M 
W. A. McIntyre (Non-M 
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